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Executive Summarv

The High Plains Aquifer Evaluation (HPAE) Project has as its primary objective the
establishment of baselines for, and rates of change of, water quantity and water quality
parameters in the High Plains Aquifer.  In order to assess the effeetiveness of programs designed
to manage resources, the baseline and rate determinations must be not only quantitative, but also
interpreted in the context of their inherent uncertainties.  FY1999 has been a start-up year, with
the full project envisioned as requiring up to six additional years.

The project focuses on issues relevant to the Kansas Water Plan Objectives, and  will also
provide significant input to the Kansas Water Authority response to House substitute for Senate
Bill 287.  To ensure that the results are useful to the State's water management, regulatory, and
coordinating agencies, the Kansas Geological Survey is working in close partnership with the
Kansas Water Office, and has developed a Coordinating Council structure to facilitate active
participation by other state and local water agencies.  Electronic media (Internet, World Wide
Web) are used to develop innovative approaches to communication, information exchange, and
review of plans and progress.

In addition to organizational and communication developments, technical progress has
been made in three significant areas in FY1999:

Dcfi'fim.fJ.o# a/ fcJ'77`rs 4i7caJ co"ccpts..   Quantitative measurement and calculation is not possible in
the absence of a generally-accepted, rigorous definition of both objectives and the terms and
methods used to describe and implement them.  Sections 8 and C of report OFR 99-21A present
and explain systematic approaches to definitions that are both relevant to the objectives, and
feasible to implement within the legal, management, and scientific context.  Both water quantity
(with a primary initial focus on groundwater level) and water quality issues are addressed.  These
definitions have progressed through draft stages which have been posted on project WWW pages
for agency review and comment.

Dczndclfc dcsl.g# ar;t4Z c/dfcz czcgwz.s[.fi.on..   In spite of the existence of relatively extensive
centralized databases maintained by KGS, the US Geological Survey, The Division of Water
Resources, and the US Environmental Protection Agency, there has never been any consolidated
database which contains all or nearly all of the available information on High Plains Aquifer
water content, water quality, hydrogeologic characteristics, or relevant program and agency
activities.   Such databases are a prerequisite for project success; they have been designed, and
implementation is in progress (see section D, OFR 99-21A).  The water quantity (level) database
is nearing completion, a water quality database is in the final design stages, a database of
agencies and individual contacts has been assembled (Appendix C), and a database of relevant
programs has been initiated (exemplified and described in Appendix D). A library of statewide
and High Plains Arcview coverages is being assembled in the KGS Oracle database using the
Spatial Database Engine (SDE); this will facilitate both spatial analysis and interpretation of the
data and presentation of results.

U"certol.nay asscssmcnts..   Knowledge of uncertainties in individual measurements and in their
generalization over space and time is essential to understanding the rates and causes of change in
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the groundwater resource.   Open-File Report 99-218 presents three exploratory studies of factors
affecting uncertainties in watei. quantity detei.minations.

The first set of studies (Buddemeier, Escobar, and Mosteller) uses water level data
available in the KGS WIZARD database to determine the degree to which the annual (winter)
watei. level measurements repi.esent an equilibrated water table, and how important is residual
disequilibrium fi-om water extraction.  The limited suite of wells that have long-term subannual
recoi.ds suggest that wflter level trends in similar wells located a few miles apart record
essentially identical ti.ends over time scale of several years.    However, both within-year seasonal
recoi.ds and compilrison of seasonal behaviors between years in the same well reveal a high
degree of variation, limiting the potentifll for useful interpretation of records at a local scale over
time periods of a few years.  Repeat measurements show that a significant minority of wells are
still in a phase of rapid watei. level change at the January measurement time; these extensive
departures from an equilibrium water table do not appear to be simply predictable, and are not
consistent in time or space.   Analysis of consei.vative pumping and recovery scenarios with the
SUPRPUMP well di.awdown program confii.ms that significant winter season changes can be
expected in proximity to ii.I.igation wells.

The second study (MCElwee and Bohling) is a model-based investigation of the
sensitivity of recharge or flux estimates to uncertainties in aquifer parameters.  The results
indicate that tolerable levels of noise reduction require averaging over several model nodes; if
node spacing is roughly equivalent to the spatial density of measurement points, these
computational findings 1.einforce and amplify the empirical conclusions that data uncertainty
makes short-range, shoi.I-term interpi.etations inadvisable.

The thii.d investigation (Zheng) reports on an innovative approach to analyzing trends in
regional water table elevations and individual well deviations from those trends.  Using Wizard
data for the GMDl ai-ea, this study pi.ovides striking reinforcement of the observations in the
initial reconnaissance study.  Large scale water level trends are clearly discernible, but individual
wells are highly variable in terms of the qualitative and quantitative fidelity with which they
represent those trends, leaving a high level of uncei.tainty in any individual uncertainty or sub-
decadal change.

Development of a woi.kpliin for FY2000 (section E, OFR 99-21A) is one of the major
FY1999 products. KGS has worked closely with KWO and other agencies to  develop, plans,
supporting data, and work agreements.  FY2000 work will continue, and in most cases complete,
the development of compi-ehensive High Plains databases.  A systematic estimation of decadal-
scale changes in water levels and their uncertainties will be made at the scales of the whole
aquifer, GMDs and river basins, and in smaller administrative or geohydrologic units to the
extent feasible.   An overview assessment of High Plains water quality will be made, with further
evaluation of the extent to which decadal-scale changes can be assessed and smaller areas
independently evaluated.  For both water quantity and quality, development and evaluation of
appropriate statistical and data analysis tecliniques will continue, as will evaluation of needs and
potential for future impi.ovements in the database available for resource assessment and program
evaluation.
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High plains Aquifer Evaluation Issues and Progress: An Overview
KGS OFR 99-21A

Comnilers:        R. W. Buddemeier, D. O. Whittemore
Contributors:   G. C. Bohling, R. W. Buddemeier, C. A. Escobar, J. M. Guinotte, P. A.
Macfarlane, C. D. MCElwee, J. D. Mosteller, J. A. Schloss, M. A. Sophocleous, M. A.
Townsend, S. S. Vaughn, D. 0. Whittemore, D. P. Young, Li Zheng

A.   Project History, Evolution, and Approach

1.   Initial Develor)ment

The High Plains Aquifer Evaluation project has developed new approaches in a number of
areas of water resource information, research, and management support.  The project was
developed out of discussions between Kansas Water Office (KWO) staff and staff of the
Geohydrology Section of the Kansas Geological Survey (KGS) during Spring and Summer,
1998.  At that time it was clear that an improved basis for quantitative assessment of the
effectiveness of Water Plan programs and projects was needed, and the formulation of Water
Plan Objectives was in progress.

It was recognized that it would be a massive and unprecedented undertalcing to establish
baselines for water quality and water quantity in the High Plains Aquifer ¢igure  1) against
which past and future changes could be measured and the effects of programs assessed.  Among
the required -- and largely novel -- characteristics of the project were:

•     An active partnership between KWO and KGS in the ongoing, evolutionary design of the
data collection and research program;

•     A high level of involvement and cooperation with other state water agencies and with the

groundwater management districts -- not only for technical review and advice, but for
active assistance in assembling the necessary information and data;

•     An explicit emphasis on the need for quantitative assessment of uncertainties in the
baselines, and on their implications for measurement of changes and assessment of
programs;

•     Expanded reliance on electronic (e.g., World-Wide web) communication and
information distribution; and

•     A multi-year program that would progressively emphasize and review different sections
of the aquifer (roughly coincident with the groundwater management districts) while
constructing comprehensive databases and overall assessments at the whole-aquifer level.

In addition to these jointly determined characteristics, the KGS team adopted some internally
innovative ar)proaches in terms of organization (designation of the HPAE project as a section-
level effort) and mfln&gement (use of a manager-coordinator-task leader structure rather than the
traditional 'principal investigator' approach).  The long-term joint plan developed was for seven
years of effort, beginning with reduced funding ($25,000) in the start-up year (FY1999) and then
increasing to $150,000/year in the following 6 years.  The first-year contract is contained in
Appendix A of this report.
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Figure   1.
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2.   Planned Accomnlishments

During FY1999, tile HPAE project has met all of the contract requirements for
deliverables (Appendix A).  At least as important to long-term success has been the concurrent
development of workplans, and the scientific and institutional infrastructure.

Ongt]„t7.z#fi:o"ft/ rcha/I:tjmtfrr.pf..   A Coordimting Council (CC) has been formed, staffed by
representatives of the key state and local water agencies.  Membership is listed in Part 2 of
Appendix 8.  The group met twice during FY1999 to advise on approaches and review plans and
progress, zind will meet again in the first quarter of FY2000.  In addition to functioning as an
advisory group, individual members have been key contacts in coordinating the data collection
efforts.

Because of its geographically inclusive nature (see Figure 1), the HPAE project has
potential synergies with other research projects and water-related activities.  In the interests of
efficiency in resource use and optimization of products, activities within KGS are being
coordinated with Upper Arkansas River Corridor and Equus beds Mineral Intrusion projects
(KWO) and the TMDL Assessment project (KDHE). Extemally, we have established liaisons
and/or cooperative arrangements with the US Geological Survey (both local district and the
High-Plains NAWQA program), with KWRRI (W. Hargrove, KSU), with R. Sleezer (ESU), who
is carrying out intensive groundwater-reliited studies in the Equus beds area, and with the DWR
project to develop time-to-depletion estimates for the Ogallala aquifer IT. Huntzinger).

Liaison with the groundwater management districts (GMDs) has been established to
determine the sequence of regioml studies within the aquifer system tttut see items IA3 below),
and to identify and assemble relevant data held at the local agency level.

Co/7'ir7'i!tJ7z.c"f!.o#..   The basic structure of a three-tiered approach to electronic communication has
been developed.   KGS has an intemal website for convenient internal storage and review of
project information, and a prototype public set of pages on the High Plains Aquifer and the
project outcomes is in development and review.  However, the major development has been the
combination of a website and e-mail as a means of communication between project personnel
and non-KGS participants and advisors.  The prototype set of pages 0 is \mlisted' to provide
some degree of privacy for the intended users, but is not access-controlled.  A new, password-
controlled page 0 has been established and tested, and will be implemented as the primary
electronic link early in FY200().  Appendix 8 contains a copy of a recent version of the index
page for this site, plus the list of Coordinating Council and project members that is one of the
documents linked to the index page.

Jn/orm{z".oH an4J 4lc7fcz mw"agcmc'#/:   Central goals of the project are assembling a comprehensive
water quantity and water quality database, interpreting its contents in the context of water
resource management needs and activities, and active cooperation with agencies that have a
variety of needs, interests and levels of technical development (e.g., data records ranging from

paper forms in conventional files through a v:iriety of spreadsheets and computer text reports to
relatively sophisticated relational databases).  This has required not only data assembly,
formatting, and entry, but a substantial amount of development in the area of database design and
linkage.  The results have been mfljor progress toward a both a comprehensive database and
information management structures that will make the data, and supporting data and information
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such as GIS covei.ages, accessible not only to researchers but to the participating agencies as
well.   Details of these activities ai.e presented in sections IA4, ID, and IE1  (below) of this report.

3.   Project evolution and modifications

It was anticipated from the outset that the HPAE project would evolve as the KWO
strategies for defining and meeting Water Plan Objectives developed, and as project-based
experience accumulated. This has happened; in addition, external developments and legislative
actions in the 1999 Session have further modified the context and directions of the project.

A major early transition occurred when it was recognized that the project objectives
could not be defined in terms of the effects of only Water Plan projects, but had to operate in the
context of all programs that potentially at`feet High Plains water quality or quantity.  This
dramatically expanded the potential scope of the program identification effort (Appendix D), as
did the discovery of just how many programs meet the criteria. One of the results of recognizing
this higher level of complexity was a decision, taken jointly with KWO and reviewed by the CC,
to prioritize program information assembly to (a) Water Plan programs, (b) other major or
potentially high-impact rtrograms with quantifiable objectives or effects, and (c) all others, and to
consider this a supporting activity rflther than a primary objective.   See also comments in the
introduction to Appendix A.

An operational change was imposed when the Govemor's Budget Office cut the funds
allocated to the project for FY20()0 from $150.000 to $75,000.  Although KWO was
subsequently able to identify $ 15,000 to supplement the reduced budget, the reduction of
resources in the critical first Tull' year of the project has necessitated postponement or reduction
of a number of originally planned activities.

An additional major strategic change was dictated by legislative passage of House
substitute for Senate Bill 287, which stated in part:   ''77ic Kcmsar WczfcrAwfJ!or!.ty fhaJJ a"cJy amad
devel.op recommentlatit)ns related to aquifer resources, recharge rates, availability Of surface
water resoii,rces anil th.e lt)ng-term. prospects relateil to c[ny necessary transition to dryland
farm.ing in areas of the st(lie to in(iinttiin si,I.stain(Ible yield and minim.urn streamfoow levels.
Rep(>rt to the Legislature dLle on t)r before January 8, 2001."  Beca:"se o£ its strong owehirp w.\+h
the objectives and activities of the HPAE project, this mandate has had the effect of revising the
initial strategy of working through the aquifer on a GMD-by-GMD basis (see Appendix A and
the material posted at the URLs identified in Appendix 8), and has dictated development of
initial overview assessments followed by more detailed regional and topical follow-up studies.
These changes are reflected in section E of this report (below).4-
Dcfi"I.f!.o" a/ fcmrs ci;7rf co"capf£..   Teims such as "depletion, contamination, degradation, water
level, water quality, water quantity," etc., are widely used and are implicitly quantitative.
However, in the absence of an explicit definition it is not possible to quantify these terms in ways
that will be understandable and acceptable to all participants, much less derive measures of
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change and uncei.tiiinty.   Definition and explanation of the concepts of water quantity and water
quality baselines for the High Phins Aquifer have been a major focus; the working definitions
are presented in sections 18 and IC of this report (below).

Dcz/& ttcq!,ti.s!.fi.o# cf;7c/ ftA`.fc;77b/.y:   Since the data management effort is a major part of  the project,
separate sections arc devoted to desci.iptions of the basic approach (section ID, this report) and
planned futui.e activities (IE, this repoi.t).   Accomplishments for FY  1999 include: (a) design and
linkage of opei.atioml working diitabases (see section ID); (b) acquisition and/or consolidation of
all water level data fi.om the  KGS, DWR, and USGS databases; (c) acquisition of locally held
water level data for the GMD2 ai.ea; (d) assembly of relevant water quality data (inorganic
constituents, some VOC datfl) from KGS, USGS, and EPA-Storet databases (note: the last item
includes all or most of the data pi.oduced under the KDHE programs for monitoring surface
water. quality (sti-Cam and lake stations) and groundwater quality (state-wide well network); (e)
acquisition of GMD2 water quality data; (I) acquisition and incorporation of water quality data
for municipal water supplies the state from KDHE; and (g) development of Arcview coverages
(see sections ID and IEl below) to facilitate data visualization, interpretation, and development
of map products.

U/tc.crfc".J7,ty a/.gA'c.`.,f77?.cf;7/LT:   Thei.e have been no rigorous prior assessments of Compound
uncertainties in water level or water quality deter.minations, and there are no standard methods
that can be routinely applied to a resources and data as heterogeneous as those associated with
the High Plains Aquifer.  Sevei.al pilot investigations have been undertaken to develop a
preliminary assessment of water level uncertainties, their origins, and their implications for both
the analysis of existing data and the improvement of future data collection and analysis.  These
are reported in OFR99-21B, the second poi.tion of this composite report.

8.  Water level/quantity baseul.e clef iu.itiol.

The following mllterial w(1,s posted A|)ril 4,1999 on the HPAE website for CC review and
di`scussion, and was modifii.ed anil re-postetl April 26. See the website for com:lnents received and
posted.

The following definitions are applicable at the whole-aquifer or large regional (e.g., GMD or
basin) scale. Their possible extension or modification to apply to more local ai-eas, down to the
level of townships, will be addressed as part of the FY2000 project work plan

Three levels of definition ai.e used:

1. The annual water table elevation of an unconfined aquifer is derived from the measured
or inferred water table based on point measurements during a specific period in time.  It
approximates as closely as possible the configuration the water table would have after
equilibration of all distortions due to pumping or other artificial stresses.

2. The water table elevation baseline of an unconrined aquifer will be derived from
interpolation of multiple annual water table elevations. The time intervals used will be
determined: 1) based on objective and systematic methodologies for applying baseline data
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to specirlc uses, and 2) by the objective of representing as accurately as feasible the
configuration the water table would have in the absence of distortions due to pumping or
other artificial stresses.

3. The baseline storage of an unconrined aquifer will be calculated using:   a) the water
table elevation baseline of the aquifer, b) best available bedrock surface elevation data, and
c) three-dimensional data on distribution of specific yield within the saturated volume of
the aquifer.

Note a: Ai.eas of pet.ched, confined, or semi-confined aquifer conditions will need to be
identified and addressed with diffei.eiit baseline definitions for specific applications or different
scales of consideration. Although the areas of concern can be identified generically, individual
treatments must be developed on a case-by-case basis.

Note b:  KGS will pi.ovide the scientil.ic components of the baseline definitions and the means of
combining them, but will produce a formal determination based on specific years only on the
basis of consensus among the pal-ticipating agencies.

Note c: Quantitative identification of uncertainties in baselines and component variables will be
conducted; methods and definitions will be discussed in a subsequent section.

R(iti()n(Ile  (lnil ilisci.ts.sion..

BASELINE 1. A line serving as a basis; esp: one of known measure or position used (as in
surveying or navigation) to calculflte or locate something. 2. The area within which a baseball
player must keep when running between bases. 3. The back line at each end of a court in various
games (as tennis). 4. A set of critical observations or data used for comparison or a control.
(Webster's Ninth New Collegiate Dictionary)

"Baseline" in the sense used within the High Plains Aquifer Evaluation Project is clearly most

closely allied to definition 4, but with an obvious relationship to definition  1.  Because the
Kansas Water Plan Objectives set forth certain goals to be achieved by 2010, the water quality
and quantity baselines are operationally defined as a basis for comparison and control (in this
discussion "control" is used in its scientific, experimental-design sense, although legislative and
management bodies could chose to exercise control in the more common sense of the word).

The Objectives specify or imply that the comparison must be quantitative, so the definition of
`baseline' is necessarily quantitative. Uncertainty is an issue because definition 4 in this case

cannot be transformed into definition  1 - a precisely or absolutely known baseline is not
realistically achievable. Therefore the significance and utility of any comparison will depend on
the precision and accuracy with which the baseline state and the compared condition are known.

The time scale of both definition and data collection are significant because the Objectives
address the issues of change over time (i.e., trends or shifts in `baseline'), and the data exhibit
temporal variability in addition to any systematic trends that may occur.
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The following is an initial attempt (for review and discussion) to an.ive at a useful definition of a
watei. quantity baseline, and to exploi.e how it might be practically identified and applied.

1. The quantity of water considered is the quantity of water that is extractable with pi.esent
technology nnd is contained within the aquifer at the I.eference time (to be discussed later). If we
could write equations desci.ibing the disti.ibution of water throughout the aquifer, the quantity
would be the double integral over satui.ated thickness and specific yield (or effective porosity).
Although this is conceptually straightforward, its measui.ement or calculation is not, and we rely
on spatially aiid tempoi.ally disti.ibuted measurements to estimate the integrated characteristics.

2. Because the issue of concei.n is the chflnge in water. inventory, and the specific yield of a given
volume of the aquifer can be considered time-invariant, the primary issue is the change in
saturated thickness with time. Since the bedrock elevation is also time-invariant, this means that
water table elevation (assuming an unconfined aquifer -see below) can be treated as proportional
to the volume of water contained in the undei.lying aquifer as long as the changes in saturated
thickness do not result in a significant change in the average specific yield of the saturated
volume of the aquifei.. At time scales of years to a few decades, this condition is reasonably well
met - most of the High Plains Aquifer has saturated thicknesses on the order of a hundred feet
and I.ecent annual decline rates of a foot or less, so the expected changes (on the order of
pei-cents) in saturated thicknesses iire unlikely to cause large changes in the relationship between
saturated thickness and total water volume.

3. We thei.efore come to the conclusion that meiisureinent of change in water table elevation is
the critical element in deter.mining the rate of change in water inventory.  Understanding the
detailed I.elationship between the water table elevation, saturated thickness, and water inventory
will be important in allocating water rights, in developing management models, and in
intei.preting changes in specific locales, but the primary need for quantifying the depletion rate is
an accui.ate pictui.e of the time coui.se of water. table elevation changes.

4. On an aimual baLsis, we idealize the repi-esentative water table elevation as the configuration it
would have if it had fully recovered from pumping stresses. This idealized condition never
occur.s, but it is far easiei. to artproximate this relatively smooth surface than to measui.e with
accui.acy the highly vat.iable watei. table topography of a stressed aquifer. It is the quality -
accuracy and consistency - of the estimate that deter.mines the uncertainty of a baseline derived
fi.om measured water table elevations.

5. Measui.ements in a single year are not generally considei.ed optimal for estimating a short-term
water tflble baseline. The tei.in `baseline' car.ries with it an implication of normality and
standardization, and any given year may be atypical in terms of the effects of economic or
climatic variations that affect water recharge and withdrawal. This is one reason that water levels
al.e commonly avei.aged over several years; another is a `time for space' tradeoff in acquiring a
larger number of measured values, and therefore I.educing the effects of measurement errors or
outliers on the overall piittei.n. The selection of the number of years to be averaged is a practical
issue, and is determined by the needs of pi.ograms and managers. Intervals long enough to
average out climatic variability are far too long to detect ti.ends on management time scales; in
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the present case the I.cquii.ement of lmving rate determinations (that is, differences in water table
elevations) thiit can be compai.ed on d time scale of 10-15 years means that a 3-5 year averaging
per.iod is about as long as can practically be used.

C.  Water-qilality baselil.e defiu.iti()II

Evaluation of whether the 2()10 objective of water quality remediation in the Kansas
Water Plan is being met, and development of recommendations (per Senate Bill 287) on the
chemical quality of water resources requii.e a detei.mination of the spatial and temporal
characteristics of water quality in the High Plains aquifer.  Determination of a water-quality
baseline comprises a fundamental part of such information.  The baseline provides a critical data
set and interpretation of conditions for a particular period that can be used for future comparison
for evaluating the impact of remediation and pi.otection actions, as well as changes in
environmental and management actions that can impact water quality.

Thei.e are thi.ee main considei.ations for developing a water-quality baseline:

1)  The pal.ticular chemical parametei.s for I.epi.esentation of water quality,
2)  The time or period that the baseline data represent,
3)  The spatial coverage of the baseline, i.e., both ai.eal and depth divisions for the aquifer.

I.  C*.c/77j.c/// pczrc//77.c/crb`:   The Water Plan objective on water quality remediation states: by 2010,
significantly reduce the percentage of monitor.ing well network wells (all networks)
contaminated by nili.ate, chloi.ide, sulfate or volatile oi.ganic chemicals caused by human activity.
These chemical constituents are the focus foi. water-quality baseline development in the HPAE
pl.Oject.

2.  rl.mc co#fi:c/cJrcrfz.o77,g:   Two diffei.ent levels of temporal baseline definition are proposed for
each of the water-quality pal.ameters:

a)  Time-independent water quality data, and
b)  Data grouped according to time intei.vals appropriflte to the data distribution or evaluation
needs.

The fir.st appi.oach includes all data for a pailicular chemical parameter for the entire area of
interest.  The value of this method is thiit it gives an overview of the entire data coverage.  If
there are multiple samples at a particular sampling point, the value selected from the group could
be fi.om the beginning, middle, or end of the sampling pei.iod depending on the type of data
overview desired.  The second approach allows determination of a more time-specific baseline,
especially where examination of the data accoi.ding to temporal grouping reveals significant
changes with time.  The selection of a particular period appropriate for the baseline to be used for
future water-quality evaluation should be better than using data from the entire period of record
if sufficient data exist for the subset.
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3.  Spc//i.c// c.o77.``i.t/ct.ft/7.t777`9:   Two diffei.ent spatial considerations for baseline definition are

pi.oposed for the watci.-quality parameters:

a)   Sti.atificalion by der)th in the aquifer, and
b)   Sr)atial division into hydi.ological, chemical, or management regions.

Depth stratification generally involves dividing the aquifer into data coverages for the shallow,
main production zone, and near.-bedi.ock layers of the aquifer.  In specific study areas, lithology
and stratigraphy determine the selection of these or other depth intervals, but as a starting point,
standai.d depth I.anges I.elative to the water table are appi.opl.iate.

SrJatifll definitions of a water-quality baseline can be based on envii.onmental or
management considei-ations, or both.   KWO has specified interest in reviewing aquifer resources
based on whole aquifei.. GMD, river basin, hydrogeologic subunits, and if possible, townships -
subdivisions which encompass both envii.oninental and legal/management considerations at a
variety of spatizil scales.

Chemical divisions can be used to generate water-quality provinces in the aquifer that are
dependent on the concenti.ation disti.ibution and soul.ce characteristics of individual constituents.

The final baselines chosen will consider the most appropriate combinations of the above
spatial and temporal factoi.s for the selected water-quality parameters and the questions under
considei.ation.  The combined aprtroiiches can be summarized as four categories of baseline types
for each chemical put.ametei.:

1)  Spatial and time-independent water-quality knowledge,
2)  Spatial-independent, time-dependent water-quality coverage,
3)  Depth-stratified and/or areal-designated, time-independent water-quality coverage, and
4)  Depth-stratified and/or area]-designated, time-dependent water-quality coverage.

Water-Oualitv Baseline Det"lnition Discussion:

Water-qi.I.al.i ty par(ime.ters

A water-quality baseline does not consist of a single, simple data set because there are
hundreds of different chemical parameters that could be potentially used for baseline
determination.  For a practical approach, a subset of the chemical parameters must be selected
that most efficiently represents the water-quality conditions for the primary uses of the water.
Primary uses of water in Kansas include drinking, agricultural uses such as livestock and
irrigation, and industrial.  Selection of key chemical constituents should consider whether they
could indicate significant contamination of waters for all these uses.

Nitrate, chloride, and sulfate are all inorganic constituents that occur in elevated
concentrations in High Plains aquifer waters.  Each is of fundamental interest for drinking-water
use.  There is a primary standard or maximum contaminant level (MCL) of Kansas for nitrate
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above which waters cannot be used for supplies for public use.  The major sources causing
concentrations of nitrate exceeding this standard in Kansas are associated with human activities.
High niti.ate conten[s can also be an indicator of the possibility that certain other water-quality
parameters might be of concern, for example, bacteria in waters from poorly constructed wells.
Varying background levels of nitrate exist in all Kansas waters from natural sources.  The main
sources causing increases substimtially above the background are related to both agriculture and
human and animal wastes.   Environmental factors such as drought or wet periods can operate in
conjunction with human activities to vary the nitrate amount leached from soils that reaches
ground water.

Secondary or recommended standards exist for both chloride and sulfate for drinking
water.   In addition, high concenti.ations are not desirable for stock and irrigation water use and
for cei-tain industrial uses tlmt requii.e low salinity.   Both chloride and sulfate have different
natural and human soul.ces in Kansas and are constituents that are among the more frequent
water-quality problems observed in the state.  These constituents are general indicatoi.s of the
salinity and. thus, the concentrations of other majoi. inorganic constituents in water, as well as the
potential for higher levels of minor and trace substances depending on the sources.

Volatile oi.ganic chemicals (also known as VOC's) are a group of organic compounds
that can vaporize relatively easily.  They range widely in solubility in water but are of concern to
health at relatively low concentrations in water.  Drinking-water MCL's of Kansas exist for a
variety of different VOC's.  Other than petroleum pi.oducts, VOC's are among the most
frequently observed organics contaminating the High Plains aquifer.  The sources of elevated
VOC concentrations are clear.1y contamination from human use or chemical processes related to
human activities.  Although some VOC's are used as agricultural pesticides, the main water-
quality problems of VOC's in Kansas derive from commercial and industrial use.  Thus, VOC's
repi.esent contamination fi.om types of sources that are different from inorganic constituent
sources and ai.e clear. indicatoi.s of human contamination.

Spatial. consiileration`s

The shallow layer repi.esents the near. water-table conditions that are the first to be
affected by areal infiltration of I.echarge and contamination from the surface.  Water supplies
derived from the shallow portion of an aquifer tend to be from small wells such as those used for
domestic and limited stock supplies.  The mflin production zone of an aquifer is usually the mid-
to deep portion of the satui.ated thickness.   Supplies pumped from this zone include large
capacity irrigation, inunicipal, and industrial wells and also many domestic and lal.ger stock
wells.   Deep wells sci-eened only near the underlying bedrock surface are typically observation
wells that monitor the distribution of particular contaminants, such as salt-intrusion from bedrock
into the aquifer base or contaminants dense enough to reach the bottom of an aquifer and flow
along the often less permeable bedrock sui.face.

Hydrologic divisions could be derived from differing hydrogeologic characteristics of
al.eas of the High Plains aquifer, such as the western, largely Ogallala portion versus the mainly
Quatei.nai.y sediments of south-central Kansas.   Other hydrogeologic divisions could include
logical separations where the aquifer is not present or is thinly saturated, for example, between
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northwest and west-centi.al Kansas where most of the aquifer sediments were removed by
erosion.  These separations generally coincide with management areas of the groundwater
mamgement districts.   At smaller scales, vat.iations in lithology, land and water use, and
hydi.ologic pal.ameters such as permeability and poi.osity may provide a logical basis for defining
subunits of the aquifer.

As an example of a water-quality province, subdivisions for chloride could include areas
of low chloi.ide concentrtltion distinguished from other ai.eas and depths of elevated chloride
derived fi.oin natural saltwater soul.ces and anthropogenic pollution such as oil field brine and
salt-mine/processing wastes.   For nitrate the provinces could comprise different ai.eas and depths
of low nitrate and high nitrate concentrations, and could include consideration of
hydrogeocheinical characteristics of the aquifer that control concentrations.  This approach could
point to the development of a baseline that would guide the use of different monitoring
approaches (in distribution and sample frequency) as needed in different provinces, including
along transition zones and in ai.eas identified as pailicularly sensitive to changes.

Overview and summary:

Ideally, the baseline definition with some spatial stratification and designation for a
particular period will be the most definitive for evaluation of future water-quality information.
However, limitations in the spatial and tempoi.al distribution of the data for particular chemical
constituents inean that longer time intervals and little or no depth stratification may be necessary
foi. particular baselines.

The particular baselines to be selected will depend on an examination of all the temporal
and spatial data available for a pal.ticulai. chemical pal.ameter and of acceptable quality (within
ei.ror limits).  In addition, the objectives of monitor.ing after baseline establishment should be
considei-ed.  These include deter.mination of locations of new, human-related pollution as well as
concenti.ation changes in and movement of existing human-related and natural contamination.
The final baseline development will involve consensus definition of the spatial, temporal, and
uncertainty characteristics that meet the programmatic needs of the participating agencies, and
determination that the baselines can be used by all participants and are feasible to implement and
apply to aquifer evaluation with the resources available to the project.

D.  Data mal.agement ai.d visualiziation

Microsoft Access software was chosen for the working database.  Access is a relational
database and is widely used and readily available (pal.t of the Microsoft Office package).  Access
is compatible with Oracle (the KGS and DWR central database software).  This means that when
databases are deemed coinr)lete dnd ready for public access, they can be ti.ansferred into the KGS
data system that is already linked to the WWW. Access tables can be ti.ansformed readily from
or to spreadsheet or word pi.ocessing formats, making it appropriate for. data exchange with
organizations that may not be using relational databases.
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Information has been entei.ed into f()ur Microsoft Access databases: contacts, programs,
water quantity metadata, and metudata on water quality data and data sources.  The fields in each
table are shown in Figure 2.  The contacts and programs databases will be linked into a relational
database structure (see Fig. 2); this will permit, for example, associating data or contacts with
specific prograins.  The metadata and data tables can be linked via contact, agency or program.
As data ai.e assembled, they are being added into or linked to the pi.esent metadata tables.

The data being assembled repi.esent observations widely separated in both space and
time, and iire potentiully related to a variety of other factors-- geology, soils, land use, climate,
etc.   In order to meet the challenges of visualizing and interpreting the data, and of pl.esenting
them to other project pal.ticipants in an understandable and relevant fashion, KGS is developing a
system to support visualization, selection, and mapping of HPAE data.  This approach utilizes
Arcview softwai.e, which ciin combine geospatial data layers in a map format with a system of
"queries" for selecting and examining data sets in a variety of modes.   An additional software

packilge called Spatial Database Engine (SDE) is being used to store the spatial components of
GIS data directly in Oracle.  This facilitates centi.al storage, retrieval, and updating of spatial
data.   DASC is also moviiig to disti.ibute many of its coverages through this medium.  In support
of HPAE and I.elated projects, the GH section at KGS has developed a growing SDE library that
complements the DASC holdings and that will facilitate interpretation, review and illustration of
the water quantity and quality data.  Table  1 pi-esents a list of coverages already loaded into SDE
or planned for inclusion by both DASC and the Geohydrology Section of KGS.
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Tal)le 1: Arc-Info coverage availability from the Oracle spatial Data Enrine (SDE

Coverages Loaded into SDE as of 6/17/99

US ER                      COVERAG E                      S C ALE                    SOURCE/DESCRI PTIO N

GEOIIYDRO          zmnual_precip
GEOIIYDRO         basiii s
GEOIIYDRO         ci ties
GEOHYDRO          cn ty_seats
GEOIrvDRO         coui` ties
GEOIrvDRO         fault``
GEOHYDRO         getilog y
GEOIrv DRO         g lnd.i
GEolrvDRO        high wiys
GEOIIY DRO         h |Lhase
GEOIIYDRO         h p_ex ten t
GEOHYDRO         h rt_h ydr_ctin d
GEOIJY DRO         h |i_spec_yl d
GEOHYDRO         hypso
GEourDRO        igucas
GEolrv DRO         kdli e_g w_s i I es
GEOIIYDRO         kdhe  lk  sites
GEOI.IYDRO         kdh e_sw_s i t es
GEolrv DRO        u ic
GEOHY DRO         I ss_sect ioii s
GEOHYDRO         I.`s  tr
GEorlY DRO         q u adran g I es
GEOIIY DRO          ai lrtt{ids
GEOHY DRO         fl _lckcs
GEOHY DRO         fl _s trearn s
GEOIrvDRO         `sec  corners
GEOIrvDRO         tate-
GEOHYDRO         statsgo
GEOIIYD RO          temper€` t lire
GEOIIYDRO         wiina.i

I :78740
500K?
24-100K
24-10()K
24K
n/:I
500K
H

24K
500K
500K
IM
IM
2M
`'

24K
24K
24K
100K
24K
24K
24K
24K
500K
500K
24K
24K
500K
1:78740
100K

ks_zrdlnin_biid.i
alluvial_aquifers
d€tkota_aq_bcase
dakota_aq_ex(ent
dck()ta_aq_po(ent
dakota_aq_tds
dck(,(a_aq_t,,p
gkicizildrifLaq_ext
glacialdrifLaq_base
glacizildrifLati_pot
env_risk_ident``i(es
lsd.\
hp_blL.`e
h|Lextent
kcd  coun(ie``
kcd_highwziys
kcd_hy
kcd_railroads DASC
k.i   soils
swilns_wp
tiger_counties
tiger_sch(x)I_dis(
'igni

16

Orestu/ann avg polys fr PRISM grids
KWO/12 major basin boundaries in KS
USCB/city polys w/extra attribs
USCB/county seat polys w/extra atts
KCD/extra attributes from GEOIIYDRO
GEOIIYDRO/major fault lines
KGS/surface geology polys
?/(is soilrce KDA's DWR?)
KCD/state and fed only, extra attribs
USGS/mgh Plains base contours
USGS/IIigh Plains extent
USGS/hydraulic conductivity
USGS/specific wield
USGS/land surface contours
wiinas cdrt)in
KDIH/groundwater monitoring sites
KDIH/ltcke monitoring si(es
KDIH/surf.ace water monitoring sites
EREORS...
USGS-KCD/section polys
USGS-KCD/township polys
KGS/USGS 7.5' topo quad boundaries
KCD/Inaj or railroads
EPA/water bndies
EPA/streams w/names fr GEOHYDRO
KCD/section comers
KCD/state outline derived from counties
NRCS/soil polys; attribs fr GEOHYDRO
Orestu/ann avg polys fr PRISM grids
KDA/points of diversion

KGS/Admin boundaries, more to come
KGS/alluvial aq extent
KGS/Dakota aq base contours
KGSDckota aq extent
KGS/Dakota aq potentiom contours
KGS/Dakota aq total diss solids contoiirs
KGS/Dakota aq top contours
USGS/Glacial drift aq extent
USGS/Glcl drift aq base contours
USGS/Glcl drift aq potentiometric contrs
KDIH/identified sites 1995
KDRE/treatment storage disposal sites
USGS/rmgh Plains base contours
USGS/mgh Plains extent
KGS/couiity boundaries
KGS/major roads
KGS/hypsography contours
KGS/major raiiroads
NRCS/STATSGO map units
?/SWIMS water points
DAScfoased on US Bur of Cen.sus 1992
DAScfoased on US Bur of Census 1992
DASC/Native American Reserv bounds
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DASC data holdings not yet in SDE:
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I

I
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NAME                            TILING            DASc input to SDE?

Adinin-bound:
DEM-24K
DEM-10()K
DEM-25()K
DLG-24K
DLG-100K
DLG-2M
DRG
DRG
DRG
Endan Sp Habit.
Sti.Cam eval
Endan Sp Occur
Envir datfl si.c
Envir Monit.
Envir Rcgul
Envir Risk
FEMA
GNIS
GPS-base
HUC-8
HUC- 1 1
HUG-14
Hydro-24K
Hypso-10()K
KATS
KCD
KCD
land cover
landsat TM
LEGS-Dist
LULC-25()K
NHI
NWI
Orthophotos
PLSS Counties
RWD Bound
RWD Distr
Soils (24K)
SSURGO
SWIMS
TIGER
Watersheds
WIMAS

state                    partial
24K quad          yes
1()()Kquad         yes
25()Kquad        yes
24K quad          yes
1()OKquad         yes
state                     soon
24K                    yes
1 ()OK                     yes
250K                  yes
county                later (uses Ai.c Regions, complic.)
huc8basin        yes
state                    soon
state                    soon
state                    soon     (6 layers)
state                    soon     (51ayers)
state                     soon     (1  of21ayers)
state                    soon
N/A                    no     (view software is proprietary)
N/A                   no
state                    soon
state                    soon
state                    later  (no metadata in place yet)
24K quiid          yes
1()()Kquad        yes
huc  11                  yes
to wnships         yes
hydi.o lo gy         yes
county               yes
scene                  no

(KARS updates: summer 1999?)
(distrib to state agencies ONLY)

State                     yes

quad                    ?
state                    soon
24K                    yes
qtr_quads         no
county               yes
state                     soon
slate                     soon
county               doubt  (very much work)
county                incomp. (certified version of above)
huc8                   yes  (water bodies, networks later)
county                yes
state                    soon
state                    no
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GEOHYDRO data holdings not yet in SDE:

plss_count ies                 24K
plss_qsec_pts                24K
plss_.sec_p ts                    24K
storet
clilnatc
huc8
huc 1 1

hucl4
stream gauges

n/a
?       (Earlhlnfo NCDC stations)
24K
24K
24K
`.)     (fi.oin USGS, not yet retrieved; in progress)

Oracle tables that need to be "enabled":

wimas   (needs to be loaded into Oracle, SDE coverage version dropped)
wizard
wwc5
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E.     FY2000workplans

1.  Data acauisition`  management and visualization

Assemble into common, accessible databiises available water-level data and readily available
water quality (nitrate, chloride, sulfate, and volatile organic chemicals) data for the period of
record for the High Plains Aquifer.
•     Basic database design is complete (see rtreceding sections), but still modifiable.
•     Complete assembly of the aquifer-wide water level database is anticipated by 31 Dec 99; an

essentiilly complete compilation of long-term records will be complete by 20 Aug 99.
•     Complete design for water quality database before the end ofFY2000.
•     Assembly of releviint water quality data is targeted for completion in FY20()0; however,

because these datu ar.c widely distributed among various agencies their assembly is not
completely under the control of KGS.   Amlyses (see section IE3 below) will proceed on the
basis of the data available.

Complete (with ongoing updates and appropriate additions) the SDE database of coverages
described in section ID above, establish guidelines and procedures for data visualization and
selection, and prepare appropriate maps and figures to support KWO and other agencies.

Produce as appropriate, and/or advise the KWO on actual or potential products that can
contribute to other KWO Objei`tives, in p:lrticular:
•     Wetland and rirtarian mamgement, where priority wetlands depend upon ground-water

discharge for their maintenance;
•     Data and Research, with particular emphasis on the assembly of integrated, accessible

databases and the identit"ication of signit"icant research needs, and;
•     Public Information and Education, especially in terms of developing project-relevant

information materials and cooperating in their dissemination.

2.  Ivater levev `Vater auantitv analysis

•     Estimate probable uncertainty in data points or weu records, and means of reducing that
uncertainty for (i) existing data, and (ii) new data.

•     Use analysis and comparison of case study locales with high densities of data to evaluate the
feasibility of and requirements for assessment of water-quantity changes at the levels of the
spatial units listed below.

•     Obtain the best available estimate of the water-level surface elevations over time for aquifer,
regioml, and local scales, and determine uncertainties in these trends and the key factors
affecting the uncertainties.

•     Estimate the area-weighted average annual decline rate in water levels over time for (i) the
High Plains and Ogallala Aquifers, (ii) each Groundwater Management District (GMD), (iii)
those portions of each Water Plan river basin overlying the High Plains Aquifer, and (iv)
High Plains Aquifer subunits defined on the basis of similarity and homogeneity of
hydrogeologic properties (analogs of ground-water basins).
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•     Compni.e the results obtained with the analyses performed under contract 99-132 (High
Plains Aquifer Evaluiition -Ogalhla Decline Study) for the periods  1969-1979,1979-1989,
and  1989-1999.

•     Assess, select, and initiate trials of statistical or model techniques that can optimize precision
and/or accurilcy of interpretation of available water quantity data, and can assess the
relationship between water level and actual groundwater quantity changes.

3.   Water aualitv analv`sis

•     Develop an initial overview assessment of the state of knowledge about water quality in the
aquifer zlnd its trends over tiine, including description and definition of monitoring well
networks and contamination, and estimated uncertainties and limitations.

•     Based on the readily accessible data, determine the number and percentage of monitoring
network wells contaminated with nitrate, chloride, sulfate, and volatile organic chemicals
(VOC) for the periods  1969-1979,1979-1989, and  1989-1999 for (i) the High Plains and
Ogallala Aquifers, (ii) each Groundwater Mamgement District (GMD), (iii) those portions of
each Water Plan river basin overlying the High Plains Aquifer, and (iv) High Plains Aquifer
subunits defined on the basis of similarity and homogeneity of hydrogeologic properties
(analogs of ground-water basins), and for (v) ground-water quality provinces (see discussion
under item C above).

•     Identify other data that can be acquired to improve water-quality evaluation, and initiate

programs of acquisition, assembly find processing.
•   Initiate amlysis and comparison of case study locales with high densities of data to evaluate

the feasibility of and requirements for assessment of water-quality changes at the levels of
the spatial units listed above.

•     Assess, select, and initiate trials of statistical or model techniques that can optimize precision
and/or accuracy of interpretation of available water quality data.
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Hi_gh Plains Aquifer Evaliiation Water Ouantity Uncertainties: initial assessments
KGS OFR 99-218

A.  Spatial al.d temporal variability, ol)served ai.d modeled
R. W. Buddemeier, J. D. Mosleller, C. A. Escobar

1.   Inti.oduction

The HPAE pi.oject is specifically tasked with addressing the issue of uncertainties in
baselines of gi.oundwatei. quantity and quality in the High Plains Aquifer; in addition, DWR has
expressed interest in developiiig  `time-to-depletion' maps, which will depend heavily on the
accuracy and pi.ecision of the datzibases used for calculation.

One of the systematic uncertainties in using measured water levels to calculate change in
inventoi.y is the degree of I.ecovery ol` the water table from pumping stresses.  The annual
measurement pi.ograin typically measures wells in Januai.y; in most irrigated areas, this is
commonly 4-5 lnonths after the end of major pumping and a similar time interval before the
beginning of the next season's pumrting.   However, water level recovery to a near-equilibrium
elevation also has a time coiistant of months, and is a function of the amount and areal extent of
drawdown, the time since ces`sution of pumping, and the aquifer characteristics (see companion
report).  In addition to regional recovery effects, measurements can be affected by relatively
small local effects (e.g., wintertime well pumping for equipment test purposes) if they occur
close to the point and time of measurement.

The assumption of the previous paragi.aph is based on irrigation practices for crops such
as corn, sorghum, beans, etc.   However, winter wheat is a major Kansas crop, and a significant
fraction of that percentage is irrigated -- with a very diffei.ent schedule from that of the summer
crops (Danny Rogers, pers. commun.).  Wheat is typically irrigated in the fall, well into October
and sometimes even November.  This places the end of iri.igation only 2-3 months prior to the
measurement time.  When winters and springs are dry, irrigation may also occur in the early
spring; this, and in some areas the practice of "pre(-planting)-iri.igation" means that some limited
pumping can occur as eai.ly as Mar.ch or April, which nat.rows the 'window of opportunity' for
measurements int he absence of in.igation pumping.

In genei-al, failure to achieve full watei. table equilibration will result in a measured value
of elevation lower (= greater. depth to watei.) than the idealized `true' value.  The degree to which
this is a problem for resource assessment depends on the amount of the deviation, and on its
spatial and tempoi.al consistency.   A deviation which is small compared to the long-term trend in
values, or to the magnitude of the signal being sought, will be of little concern.  Larger
deviations may not be a pi.oblem if they are consistent from year to year and place to place - the
differences in wuter level measurements may still yield a reasonably precise and accurate value if
the biases are effectively removed in the pi.ocess of calculating the differ.ence.

2.   Sui.vey of spatial and tempoi.al relationships in observed well responses
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The goals of this aspect of the study are an initial evaluation of the uncertainty involved in
representing the elevation of the water table with one measurement, in January, and to generate
some initial comparisons with the elevation at final equilibrium. To evaluate this uncertainty, we
look at two questions: (1) how do individual wells behave in different winters and (2) how
closely do observed recoveries match to ideal recoveries (to determine when equilibrium is
reached).

The wells studied were selected from the KGS database, and are observation wells from the
western third of the state, where recharge  is almost negligible. From a total of 130 observation
wells that have data, only 11 met the criteria used in the final selection:
-     At least 100 measurements in the whole, multi-year, period of record
-     At least 2 measurements in each winter month
-     Wells with aquifer codes QU (undifferentiated alluvium) and TO (Ogallala).

For each of these wells, a graph was plotted in Microsoft Excel to show the general trend of
the aquifer over the whole period of record. Also, some winters were selected and plotted to
show the recovery of each well, since it is very difficult to appreciate the recovery of three
months on a scale of many years (see Figure 1). The examples in Figure 1 show that in most
years, the water level was still rising at the end of the winter measurement period (Feb-Mar). In
theory it should be relatively easy to determine when equilibrium the time and elevation of the
equilibrium level, since the curve is a well-known logarithmic function.  However, the water
table response is a strong function of of the local hydrogeologic properties of the aquifer (see
section 4, below), the data for these wells are only from December to February, and examination
of the plots makes it very clear that patterns of elevation change in many cases do not follow the
theoretical form of the recovery curve.

Five winter periods are analyzed for each well. The arithmetic average and standard
deviation of the absolute recovery (in feet) is calculated for each set of winters and shown in
Table 1. Some of these wells show a relatively small standard deviation, which means that there
exists some temporal consistency, that is, the wells behave relatively similarly from winter to
winter.  In other cases, however, there are both large absolute recovery values (several feet) and
substantial year-to-year variation in the amount of wintertime change observed.  In essentially all
cases it seems likely that the water level observed in early January differs from an equilibrium
value by at least several tenths of a foot, and this difference is not consistent from year to year
and from well to well.
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Table  I :  Water level recovery (feet of elevation), December-February, for selected winters

Well ID          I                                          Winter    Recovery

35W26ACBi        ().7        i        0.9        I        1.2        I        0.7

08S 34W 01BAC

O8S 40W  12DBA

O8S 40W 25AAC

17S 36W 33BCB  i

20S 33W 09888

27S 38W 32BCC

OS 27W 23ABB

1.0          I          1.0

1.3

0.8

().7

0.2

4.Oi

Itm

0.4

1.1

0.4

0.7        I        0.6

5.5

2.0

1.5

-0.3

3.2        I        2.5

i._i_4|J___1J_

2.7

0.5

I.3

0.2

2.0

0.9

Since the average 1.ecovery for most of the wells represents a significant change, it is
useful to look at the time patterns of change. To do so, the rate of change is calculated for the
individual months of Decembei-, Januai.y, and February in those cases where sufficient data are
available. A straight line is assumed for each of these months. This assumption is fairly close to
the actual behavior for the months of January and February, when the curve is starting to flatten,
but not for December-. Table 2 (below) shows the rate of change for each month in two or three
different years.

Table 2:  Monthly elevation changes (feet) for selected winter periods

Well ID                           December                  January                      February

06S35W26ACB       ().3        0.5       0.1       0.2        0.2       0.3       0.2        0.3       0.7

08S 34W01BAC      0.4        ().6                   0.3        0.3                   0.2        0.0

08S40W25AAC      0.2        0.1       0.8       0.8        0.1       0.9      0.3        0.1       0.4

17S 36W33BCB       ().4        0.3                    0.4        0.2                    0.3        0.2

20S33WO9BBB       0.0        0.2      -0.1       0.1         0.2      -0.1      0.1        0.0      -0.1

There is not much consistency among the recoveries of different years when looking at
monthly rate of changes, but it can be seen that in some cases these wells are still relatively far
fi.om equilibrium at the end of the winter. measurement period (Feb).
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To investigate the long-tei.in consistency of behavior, data for several clusters of two or
three wells froin neighboring sections were plotted in the same graph for  the entire period of
recoi.d. Figure 2 provides one example of such a plot.  In general, neighboring wells exhibit
similar slopes when lines are fitted thi.ough the either all the points or the high points
(presumably closest to I.ccovery).   Adjacent wells appear to I.eflect local trends in a comparable
fashion over time scales of yeflrs, but as can be seen from Figure 2, measurements at the same
time or over a pei.iod of a few years may give substantially different results.

3.   Preliminary Investigation of High Plains Water Level Measurement Uncertainties

The progi-am of annual water level measurements has recently introduced procedures for
systematic resampling of wells as part of a quality control program.  This affoi-ds the opportunity
to test for state of I.ecovery, based on the I.esampled data.  As one of the steps in making a
preliminai.y assessment of High Plains Aquifer measurements, the KGS Oracle database was
queried, and a dataset was consti.ucted for wells that met the following criteria:
1.    Aquifer unit codes of TO and/or QU only;
2.    Remeasured >2 days apai.t in  1997 or 1998
3.    Depth to water >50'  (to minimize effects othei-than pumping and recovery).

The I.equirement of 50'  depth to water means that essentially all of the wells examined were
in the Western High Plains (Ogallala) section of the aquifer.  One well that showed a drop in
water level >40' between measurements was excluded fi.om the analysis; its inclusion would
have made the 1.esults desci.ibed below even more exti.eme.

Data were transferred from MS Access tables to an Excel spreadsheet, and differences in
time (days) and depth (feet) were calculated.  For ease in calculation, where multiple
measurements were made on the same day,  the differences were taken between the last
measurement on the fir.st day and the first measui.ement on the resample day.  The original
database contained times of measui-ement for some but not all of the records; these carried
through into tlie spi.eadsheet, resulting in some differences in the handling of fractional days.

A total of 68 wells met the critei.ia specified; 53 of these showed positive or zero change in depth
to water (water level rise), and 15 showed decreases.  The results were normalized by calculating
I.ates of change (Ivday) for all of the difference measurements.  These results were analyzed in
three ways, since the results may be relevant to different types of questions:

•     The average and standai-d deviation of the rates (Rail) were calculated for the values as
obtained fi.om all of the well data.  It should be noted that the values are not normally
disti.ibuted, so the standai-d deviation is only a qualitative indicator of distribution, used for
the purposes of initizil I.econnaissance.  This approach, considering both positive and negative
Changes, might be the sort of 1.esult artplicable to estimating the precision/accuracy of water
table estimates calculated over a hi.ge area based on annual measurements.
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•     The average and standard deviation (Rabs) of the absolute values of the rates were calculated.
This result would be of interest fi.om the standpoint of knowing the overall stability of the
water table elevation measured, independent of cause or direction of change.

•     The average and standard deviation (Rpr,.,) of only the positive changes were calculated.  This
focuses on the sub-popukition of wells that are still in the recovery process or near
equilibrium, but ignores a signil`icant nuinber of unexplained deci.eases in water table
elevation.

The I-esults are summarized in Table 3.  In order to assess the significance of these
observations, two thi.eshold values wet.e considered.  First, the number of wells with rates of
chimge > 0.()5 fvday was determined (shown in the table as >0.04, since all values were rounded
to 2 decimal places).  This is a `significant' change -a foot or more between measurements,
which implies that the well is relatively far (sever.al feet to tens of feet) from final equilibrium
(see compflnion I.eports).  Neflrly a thii.d of the measui-ements were in this category, as were the
average rates for. the absolute and positive changes.

The second threshold used was an approximate detection limit.   Since it is evident fi.om both the
database and genei.al experience thflt a depth to water measui.ement should be reproducible to
within 0.1' in the absence of problems, the number of results with an average R value of >0.01
(or an absolute difference of approx. 0.2' over the average measurement interval) was taken as
an indicator of the fraction of wells with (consei.vatively) detectable change.   59% of the wells
wet.e in this category.

Table 3:  Summarv of analvsis for 1997-98 resamD[ed Hich plains wells with water depth

Mean
StDev

N

Thi.eshold values
%>0.04
%>0.01

>50,
dDays   dElev      Rall   Rabs    Rpos
(days)    (feet)    (ft/d)   (ft/d)    (Ivd)
22.03      ().37      0.03     0.07      0.06
45.04       1.82       0.11      0.10       0.10

68         68          53

3130
5959

The inngnitudes of the uncei.tainties implied by this sampling are quite significant in the
ovel.all estimation of water level changes. Even in the most heavily and consistently depleted
region of the state (Water Level Report Region I, con.esponding approximately to GMD3 in SW
Kansas), aver.age annual declines over the I.egion are typically only 1-2 feet; in other areas they
are significantly smaller, with an average value approximating zero in the Eastern High Plains.
Because of incomr}1ete recovei.y, the average change of 0.37' over a roughly 3 week period
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calculated from the reLsainpled wells actually represents a substantially larger final discrepancy -
uncertainty is at least as lai.ge as the average annual change in most regions.

The situation might be better is we could assume a constant bias in the measui.ed wells.
However., a total of 9 of the I.esampled wells wei-e measured in both  1997 and  1998.  The pairs of
Rail values t`or these wells ai.e:   0.04, ().02; 0.00, 0.()4; 0.01, 0.01; 0.29, 0.01; 0.32, 0.12;  -0.05,
0.45; -().18, ().01; ().0(), 0.0(); ().09, ().05.   These results do not suggest spatial or temporal
consistency of bias -individuil wells may go from negative to positive deviations, or from large
deviations to near equilibrium in successive years.   Based on this very limited survey, it seems
unlikely that uncertainties in differences will be any smaller than uncertainties in annual values.

It has long been I-ecognizcd that tlie year.-to-yeiii. or local values for changes are unreliable and
that ti.ends can only be assessed "based on a compai.ison of changes that occur over a period of
sevei.al years oi. that emerge as a consistent pattern across a number of wells"  (KGS Tech. Series
9,  p. 3).  This preliminary analysis suggests that this statement may be true for qualitative trends,
but that effective quantification of ti.ends using the present database and system of measurements
may require a decadal time scale ill the regioml level.  The problem is even more severe with
I.espect to mamgement or assessment iit the sub-regional (e.g., township) level; here, the
relatively low density of wells in the annual netwoi.k means that substantial additional local
measurements will be required to detect sub-decadal water table changes on the scale of feet over
distances of miles.

Although this pi.eliminary interpretatictn casts a I-flther pessimistic light on the pi.ospects for

precise resource or pi.ogi.am evaluation, the situation is not necessarily iiTemediable.  Even
without increasing the number of wells cur.rently in the annual network, it should be possible to
redesign the netwoi.k and sampling strategy to improve the representation of specific
geohydrologic and water use areas, and to minimize the degree (and especially the variability) in
sampling bias.

Retrospective and sinallei.-scale amlyses can also be improved -both by adding data that exist
outside of the annual monitor.ing pi-ogram, and by reviewing past measurements in the context of
local charactei.istics and water use patterns - even down to the level of individual wells.
Although labor-intensive, this pi.ovides a way to develop better retrospective baselines for case
studies or "type specimen" areas.

4.  Observation Well Drawdown Simulations Using SuDrDuml)

The groundwater flow modeling program Suprpump was utilized to simulate well responses
under conditions commonly found in western Kansas in the High Plains aquifer.  The objective
was a theoretical test of the concept that a fixed measurement time may yield highly variable
annual water levels due to factors such as volume of water pumped and date of last pumping in a
given year. The function of the Suprpump simulations was to provide idealized recovery curves
with which to comr)are the actual measurements, thus giving a relationship between the
measured and equilibrium elevations.
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The Suprpump modeling parameters used are as follows:
1.    The Theis well function was used and the aquifer was assumed to be homogenous and

isotropic. Boundary conditions utilized for the simulations consisted of  impermeable
boundaries on all sides enclosing an area of four square miles (two miles by two miles).
Note that this is a conservative assumption from the standpoint of the calculations made -
neglecting inflow or pumping effects from distances greater than approximately 2 miles from
the observation point has the effect of artificially accelerating the apparent recovery.

2.    The hydrologic characteristics of transmissivity and storage coefficient were based on
estimates provided by P. A. MacFarlane (pers. commun.). These characteristic pairs of
values were divided into three categories, high, medium and low, based on mean values
found in the U. S. Geological Survey Water-Resources Investigations Report 85-4198,
Geohydrology of the High Plains Aquifer, Western Kansas.  The values used in the
simulations are presented in Table 4.

Table 4. Hydrologic conditions utilized in Suprpump simulations.

Transmissivity Storage Coefficient

High Hydrologic Values 12000 ft^2/day 0.25

Medium Hydrologic Values 8000 ft^2/day 0.15

Low Hydrologic Values 4000 ft^2/day 0.05

Each Suprpump simulation was run with four equally spaced pumping wells pumping at
the same rates and intervals. The pumping wells in one Suprpump simulation were placed at
1000 ft from the observation well, in another at one-quarter mile (1320 ft.), and another at one-
half mile (2640 ft.).  The observation well was located in the center of the bounded area, at an
equal distance from each of the four pumping wells. In one simulation the observation well was
also a pumping well.

Three different pumping rates were used in the various Suprpump simulations. The rates
utilized were 1000 gallons per minute,  1280 gallons per minute and 1600 gallons per minute.
These pumping rates are typical of actual rates employed in irrigation wells in Western Kansas,
although they are above the mean rates for this area. The pumping rates were derived from data
reported in the publication,  1995 Kansas Irrigation Water Use (Kansas Water Office and the
Division of Water Resources). The acre -eet per acre data, in addition to irrigation by township
data, was used to calculate the total volume of water pumped from the four square mile
simulation area during one irrigation season. A value of 1.23 acre feet per acre was calculated
from available data as the average figure for the five ground water management districts. The
total volume pumped from the four square mile area was also used to determine a total drop in
head value. This value represents the new static water level reached after the end of the pumping
season.

I
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Sur)I.pump limilalions dictate 5 oi. fewer pumping wells per simulation. Since actual well
densities may result in inore than five wells within the four square miles simulated, the pumping
rate for the simulated wells had to bc adjusted to pi.oduce the same volume of water extracted by
a greater  number of actual wells.

The timing of a typical iri.igation cycle for a well assumed to be pumping for
approximately 80 hours (3.3 days) followed by no irrigation for the rest of a two week period
(11.7 days) (P. A.  Macl`ai.lane, rters. commun.).  Seven pumping cycles were used in the
simulations for a total of appi.oxiimtely three months (87.3 days) irrigation. These parameters
wei.e used on the two initial simulations. Additional simulations with higher volumes of water

pumped I.equii.ed tlul the timing data be adjusted to compensate for the 5 well limitation of the
Suprpump program. One simulation was run using periods of 7 days pumping followed by 7
days of no pumping for six cycles with the seventh cycle consisting of 3.3 days pumping to
generate the same total puinping r]eriod of 87.3 days.

The highest I)umped volume was siinulated by using  12() days of continuous pumping.
This highest pumped volume was based on the volume extracted by a maximum well density of
one well per quartei. section, for a total of 16 wells for the four square mile area. The volume of
water puinped in this case is compimble to that which would be pumped in the highest average
pumping situations without representing an extreme outlier.

One simulation u`sed five pumping wells, with the fifth pumping well also being the
obsei.vation well in the center. The pump I.ate for each well was 4/5 the rate used in a previous
simulation in order to generate the same total pumped volume of water for both simulations
(1280 gpm vs.  16()() gpm). The drawdown curve for the observation well was of a greater
magnitude, as would be expected, however, the tail of the curve, months after pumping, was
similar to the four well simulation, since the total volume extracted was the same for both.

Figure 3 shows one set of I.epi.esentations fi.om the large number of simulations
generated.  The major conclusion to be I.Cached from the overall study, which is exemplified in
the figui.e, is tlut even using conservative assumptions the simulated water level is significantly
far from re-equilibration thi.ee to five months after the cessation of pumping.  The simulated
deviations have magnitudes compai.able to those observed in the actual measured data.
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Table 5. Pumping characteristics of the Suprpump simulations.

F.   TrialIVo. No. ofwells Boundaries Flow rate AF/township Cycle: on/off/total

1 4 4 mi^2 10008Pm 3675.3 3.3 days/11.7days/87.3days

2 4 4 mi^2 16008Pm 5880.4 3.3 days/11.7days/87.3days

3 4 4 mi^2 16008Pm 30547.6 120 days/0 days/120days

4 5 4 mi^2 12808Pm 30547.6 120 days/0 days/120days

5 4 4 mi^2 16008Pm 11531.7 7  dayst7  daysl8h .3days
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8.  Ui.certail.ty Propagatioi. ii. Ground Water Models
C D MCElwee and G C Bohling

In imny pal.ts of the US, gi.ound-water levels are declining and state or local agencies are
involved in managing the aquifer to achieve certain goals.  These goals might involve stabilizing
the water levels, plaiining the depletion pei.iod, or evaluating the effect of certain withdrawal
activities.   Gi.ound-water models ai.e often used to give guidance in managing an aquifer but
invariably conluin uncertainly in the input data.  Typically, model input will include estimates or
measui.ements of such things fls hydraulic conductivity, storativity, bedrock elevation,
rechai.ge/discharge, and water levels.   Water levels are often calculated as a function of the other
input vai.iables and may be used in an invei.se scheme to refine the estimates of the input
variables.   Howevei., it is possible to consider the heads as input and to calculate the
I.echai.ge/discharge or net flux of water at any location as the output.  In either case, the
calculated output contains unceminty which is propagated from the input variables.  We
exalnine that problein by two methods: Monte Carlo analysis and first order sensitivity analysis.
Monte Car.lo analysis consti-ucts possible exainrtles of output data (realizations) by randomly

picking uncei.tain input viiriables l`i.om assumed reasonable disti.ibutions, to be used in the flow
model.   Fit.st order sensitivity amly`sis uses a truncated Taylor series to estimate sensitivity
coefficients.   Seiisilivity coefficients ai.e a measure of how much the model output changes when
one inr)ut variable is changed by a certain amount.  The Monte Carlo analysis has the advantage
of giving the exact answer for the output uncei.tainty as the number of realizations used
appi.oaches a large number.   However, it imy be computationally intensive.   Fir.st order
sensitivity analysis is easiei- to do coinputationally but is only approximately correct.  It predicts
that the uncei.tainty distribution of the output vai.iable is a sum of the uncertainty distributions of
the input vai.iables weighted by the sensitivity coefficients.

We have consider.ed error propagation in steady-state ground water models by calculating
the effect of normally disti.ibuted Gaussinn ei.roi.s (with a zero mean and specified standard
deviation) in the head find hydraulic conductivity profiles on net model flux or recharge (R).  The
one stimdard deviation bounds cfllculated from the first order sensitivity analysis agree very well
with the Monte Gal.lo results, but their center point is biased by the realization used for R.  The
results indicate that:
•     First oi.der sensitivity analysis is appropriate for calculating the uncertainty bounds for any

magnitude of error that yields a meaningful estimate of R;
•     Estimates of R ai-e very sensitive to erroi.s in head and hydraulic conductivity, and can only

be made with confidence when the ei.ror is low; and
•     Some averaging must be done even when noise levels are low.

We have found that an avei.age window of 5-9 node points (specified of one half mile) is
useful in sur7r)ressing noise, which means that it is unlikely that regional data on head and
hydraulic conductivity can be used to infer the net aquifer flux or recharge on scales of less than
several model node points.

I
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C.  Uncertainties ai.d variabtlities in assessii.g the aquifer depletion rate from water level
measurements

Li Zhen8

In  this  section  we  describe  our  preliminary  results  on  the  uncertainties  and  spatial
variabilities involved in the High Plain Aquifer (IIPA) depletion rate assessment. We use the rate
of decrease in water table elevation over the  years  to  indicate the  aquifer depletion rate.  As an
illustration, we choose the water level observations from GMDl  during the years  1988-1999 to
assess  the  aquifer  depletion rate.  We  show  that the  aquifer  depletion  rates calculated  from the
water level data from individual wells vary dramatically, from the highest value of 2.20 Ivyear to
the lowest value of -2.34 ft/year.

Initial screeni.n2 of water level data froin GMDI

The choice of this particular water level data set is based on two considerations. First, the
year  1988-1999  is  a period  during  which the  water level  data  from  all  the  available  wells  are
relatively complete.  The  missing  data  are  an  insignificant  part of the  total entries.  Second,  the
aquifer system at GMDl has a relatively simple hydrological setting as compared to other GMDs
in the HPA. Thus, the analysis has less chance of being complicated by other issues.

Figure 1.  Distribution of wells in Grol
In total,186 wells are identified within GMD1, and their water level records from 1988-

1999 are retrieved from HPA water level database. Figure 1 shows an outline map of the GMDI
with the well distribution indicated. Figure 2 and Figure 3 show the water table elevation from
these 186 wells in 1993 and 1998 respectively, with z axis representing the elevation, and x axis
(east-west) and y axis (north-south) representing the locations. Length units (meters) are the
UTM coordinates. As shown, the water table demonstrates an obvious linear trend and, visually,
the overall trend changes very little from year to year.
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Further examination of the water level records at each well identifies three different
patterns of water level change over time. Among many of the wells, a persistent decrease of the
water level is observed. One example of these cases are shown in Figure 4, where the water table
elevation at a single well is plotted against the years. Yet, there are some other wells where the
water level data show the exact opposite pattern - a persistent increase of the water table
elevation over the years. Figure 5 gives an example of such a case. There are also a significant
number of wells whet.e the water levels fluctuate over the years and show no persistent trend.
Figure 6 and Figure 7 are two of such examples.

Assessil.g the aquifer depletion rate

Without delving into too much of the complexity shown in Figures 5-7, and for the purpose of
demonstrating the uncertainties and spatial variabilities of aquifer depletion rate, we took a rather
simplistic approach in calculating the aquifer depletion rate. First, we further screened the well
records for suspicious records (i.e., water level records that change over 10 ft from one year to
the next), and also removed those records that have incomplete entries over the span of  the 11
years. This left us a total 118 well records. The locations of these 118 wells are given in Figure 8
in the UTM coordinates. We then subtracted the water level in 1988 from the water level in 1999
and divided the difference by 11 years to obtain a depletion rate for each of the 118 wells. The
values of these depletion rates are plotted in Figure 9, with z axis representing the depletion rate
(ft/year), and I axis (east-west) and y axis (north-south) representing the locations.. Further we
plot the histogram of 118 depletion rates in Figure 10.   Both figures 9 and  10 show that the
depletion rate varies dramatically over the space. The maximum depletion rate can be as high as
2.20 ft/year, and yet the highest negative depletion rate can also reach 2.34 ft/year. The mean
depletion rate over the whole area is 0.35Ivyear with a standard deviation of 0.68ft/year, while
there is quite a significant number of wells having negative depletion rates as shown in Figure
10.

Further, we divided the area covered by the 118 wells into 9 blocks and 16 blocks of equal areas
respectively, and calculated the mean depletion rate for each of the blocks. The results are shown
in Figure 11  and Figure 12. From these plots, it is obvious that the north-west portion of the
aquifer has the highest average depletion rate and the south-east is the area where water table
changes very little or even increases over the years.
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Figure 2: Water Table Elevation (ft) at 1993
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Figure 3: Water Table Elevation (ft) at 1998
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Figure 4: Water Table Elevations at x=250857 and y=4301174
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Figure 5: Water Table Elevation at x=322454 and y=4237039
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Figure 6: Water Table Elevations at x=369279 and y=4276378
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Figure 7: Water Table Elevations at x=346667 and y=4280087
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Figure 10: Histogram of Water Table Depletion Rate
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Figure 11: Average Depletion Rate at Each of the 9 Blocks
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Figure 12: Average Depletion Rate at Each of the 16 Blocks
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Appendix A:  FY 1999 contract

The following pages contain a copy ol` the FY1999 contract between KWO and KGS for
initiation of the HPAE pi.oject.  The contract and attachment provide background information on
the oi.iginal concepts under.lying the project and the definition of the first-year activities and
products.
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HIGH PLAINS GROUND WATER EVALUATION STUDY
Kansas water office                                 Contract No. 99-114                                                   Pa e  I  of 3

11.

PROJECT TITLE                                                                                                 th  )//5,

¥:St;:n#::t'e:sT;Ct:¥eKJ:]syasL'c]e9n9t:i:fE::e:er€rir::cby(:h#SiasE#;:o°6g:CLe](7¥##7;`;/q'
--Irv.irighiiLRoad, Lawrence, KS 66044) on behalf of the Kansas Geological Survey (KGS),  Hill

shall be known as the "High Plains Ground Water Evaluation Study"  All references to this
contract shall include this title and the Kansas Water Office Contract Number 99-114.

SCOPE 0F WORK

Goal:                  Evaluate the impact of conservation and water-quality programs on ground
water in the High Plains Aquifer at varying time and spatial scales.

Objectives:       1.           Establish the current baseline for ground water quality in the High
Plains  Aquifer  for  use  in  determining  general  trends  and  as  a
reference for future evaluation.

Evaluate the rate of change in ground water levels over time related
to the imposition of conservation practices.

Strategies:         The activities accomplished during the effective period of this contract, in
support of achieving the above objectives, include:

a.           Develop cooperative interactions with local, state and federal groups
to determine the character, availability and utility of data.

b.          Collect existing infomation, data sets and coverages on water quality
and water levels, bedrock surface, water use and consumption.

c.           Inventory the conservation and water quality management activities
of local  and  state agencies  in the High Plains Aquifer over  1990-
1998.

d.           Define  the  procedures  and  analytical  methods  to  appropriately
evaluate conservation impacts on ground water levels.

e.          Define the time and spatial factors of a ground water quality database
needed to establish a reference for past and future comparisons.

f.           Develop  plans  for  acquiring  data  necessary  for  establishment  of
baselines and general trends in ground water quality and evaluation
of changes in ground water storage.

Outcome: The ultimate outcome of the overall study at its conclusion will be current
day reference data and its associated uncertainty on the High Plains Aquifer
for evaluation of ground water levels  and quality changes attributable to
program activities through 2010.
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Kansas v\'ater office                                 Contract No. 99-114                                                    Pa e 2 of 3

Ill.       DELIVERABLES

The KGS shall deliver to the Kansas Water Office,109 SW 9th St., Suite 300, Topeka, KS,
66612-1249, the following item, detailed in Attachment A and described herewith:

ITEM

A contract list of federal, state and local
agencies, a summary of collaborative agreements
and an inventory of their existing data.

An inventory of geographically located
management and protection activities from
1990-1998 by state and local entities.

DELIVERY DATE

December 31,  1998

December 31,  1998

A work plan to evaluate conservation impacts on            June 30,1999
ground water supplies including existing data
collection, additional measurements, sampling
schemes, analysis and scheduling.

A work plan to develop baselines for water
quality at local and regional scales, including
network coverages, sampling schemes and
scheduling and parameter selection and analysis.

IV.       COMPENSATI ON

The  KWO  agrees  to  pay  the  CRIN
deliverable described in Section Ill

V.

25,000

June 30,1999

for  the  required  budget  to  provide  the
and Attachinent A.  The detailed budget for this study is

described in Attachment 8.  Payment shall be made upon a billing from the CRINC on June
30,1999 and upon successful completion of this contract as described in Section V.

COMPLETION 0F THE CONTRACT

This contract shall be completed no later than June 30, 1999, unless otherwise modified in
writing by mutual agreement of all parties.   This contract shall be successfully completed
upon review and acceptance by the KWO o.f the deliverables described in Section Ill.  All
items received by KWO may be used upon receipt.
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Kansas water office                                Contract No. 99-114                                                 Pa e 3 of 3

VI.       MODIFICATION AND EXTENSION OF CONTRACT

Contingent upon funding of this agreement, the parties may agree to modify or extend this
contract through whtten approval of all parties.  Any such agreement must be made no later
than 60 days prior to the aforementioned completion date.

VII.     CONTACT PERSONS

The KGS shall be represented by Don Whittemore (785-864-3965) and the Kansas Water
Office shall be represented by Gerry Hargadine (785-296-3185).

VIII.    KANSAS CONTRACTUAL PROVISIONS ATTACHMENT

The provisions found in the Contractual Provisions Attachment Form DA-146; Attachment
C), which is attached hereto, are hereby incorporated in this contract and made a part thereof.

IX.       ACKNOWLED GMENTS

All products resulting from this contract shall acknowledge that this contract is funded by
the State Water Plan Fund of the Kansas Water Offlce.

X.         SIGNATURES

AI LeDoux, Director,  Kansas Water Office

---    __---`---___u-.
Terrie Wedel, Public Service Executive,
Administrative Resources, KWO

-_----±-:-£-i-%4-sotl-I-ha---------------
Lee C. Gerhard, Director, Kansas Geological Survey

City__to444ap_/_i_y__
Don Whittemore, Principal Investigator, KGS

-&-ttL.in.
Kin Moreland, Director, Contract Negotiations and Research
Compliance, University of Kansas Center for Research, Inc.
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•Attachment  A.

Evaluation of Ground-Water Quantity and Quality Changes in the High Plains Aquifer:
Focus on Impacts of Water Withdrawals and Agricultural and Industrial Sources

Data and Research Program Of the Kansas Water Plan
Kansas Geological Survey  -June 29,1998

Water-Resource Issues:
Pumping withdrawals have caused long-term declines in the water levels of the High

Plains aquifer in most of western Kansas ®rimarily the Ogallala aquifer), thereby decreasing the
amount of water storage.  Local areas of the High Plains aquifer in south{entral Kansas have also
experienced declines due to groundwater pumping, especially during dry periods.  The water-
level declines are inducing the movement of naturally poor quality and anthropogenically
contaminated water into locations of good quality water.  Contaminants from agricultural and
industrial, point and non-point sources are also entering ground waters in the High Plains aquifer
through direct infiltration or through stream-aquifer interactions.  Consumption of water by
evaporation and transpiration, mainly by irrigation, is increasing the salinity of recharge entering
the aquifer.

State Directions and Goals
State directions and goals for water resources are being developed in the Kansas Water

Plan.  One of the major directions is to target data acquisition and analysis to provide information
for management of water in storage.  Goals for ground-water storage in Kansas provide targets for
the year 2010 and address consumptive use and water levels in the High Plains aquifer and
contamination by nitrate, salinity, and organic compounds.  Comprehensive evaluation of the
present water in storage and the long-term changes in water quantity and quality across the High
Plains aquifer is necessary to meet these goals by providing data for the most efficient
management and protection of the aquifer.  The research will provide infomation for
performance evaluation of other Water Plan projects, i.e., the determination of baseline conditions
and trends against which the impact of other activities can be measured.  A critical component of
research design and interpretation will be the development of quantitative estimates of sensitivity
and uncertainty in both input data and interpretation of results, which will need to infom both
sampling and modeling designs.  Consideration of temporal and spatial scales of forcing functions,
and of the scales and representativeness of observed variations, will be vital because of the
heterogeneity of the groundwater system and the potential mismatches between the scales of
management progranis (typically county size or greater, with time scales of years) and the
intrinsic scales of groundwater processes (where spatial scales of sections correspond to time
scales of decades).  In year I, KWO will coordinate the formation of an advisory Task Force of
participating agencies to review and advise on project design and progress.

Studv olan:
The study is proposed for a total of 7 years including the initial planning and

development year.  The first year will involve development of the study design to include
consideration of how the results will be used in the performance evaluation of water management
and proteetion projects of the Kansas Water Plan.  Specific activities include coordination with
local and state agencies, identification of existing waterquality and quantity information,
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I planning for integration of the      ormation into a data base for use in the quality study and for
construction of aquifer storage models,  development of the appropriate data base structures, and
preparation of a workplan and sampling strategy based on interagency regional priorities, and the
requirements for prograni evaluations in the presence of uncertainties.  The data bases and work
plans will be further developed and refined during succeeding years.

In year two assembly of a ground-water storage model will begin in a selected priority
region.  As work concludes on one region, assembly of the ground-water  storage model for the
next  will begin.  As each model is finished, the results will be used to explore sensitivity to input
data and assumptions, and to project groundwater storage (with an associated envelope of
uncertainty) into the future for proposed management plans.

Investigation of the areal distribution of recharge in the High Plains will be tested and
designed in year one and will begin in year two with a reconnaissance study of focused recharge
sites ®laya lakes, ponds, etc.) based on remote sensing techniques.  Size, persistence, and
association with known land uses, soil types, and climate variables will be used to develop a
preliminary assessment of the distribution and potential importance of such sites, both for direct
recharge and as a more general indicator of conditions relevant to areal recharge.  Close
coordination will be developed and maintained with the ongoing NRCS playa lakes water budget
studies, as well as with the water storage model requirements and outputs.  If there is potential to
significantly improve recharge estimates by limited deployment of field studies, these will be
designed in year 2 and initiated in year 3 .

Waterquality investigations in the initial stages will involve:  Developing sampling and
analysis strategies based on the needs for quantitative, uncertainty-based evaluation of the
programs of local and state agencies; contacting well owners for permission to sample; database
design and initial compilation;  and preparing equipment and detemining procedures.  Water
sampling and analysis will be conducted during years 2-6 in the same order of aquifer subregious
established as priorities for quantity assessment and program evaluation.  Assessment of
subregional quality changes and contaminant sources, updating of data bases, and production of
GIS maps will follow each year of sampling.  The final year of the study will comprise a
comprehensive evaluation of water quality for the High Plains aquifer and production of maps
and an overview report.  The evaluation will include an assessment of the effects of storage
changes on water quality and on its evaluation, and a plan for future monitoring for both quantity
and quality evaluation to meet Kansas Water Plan goals.  The results will provide the basis for
performance evaluation of water Plan and other management and protection activities.
Comoonents of the Drooosed research:

The differeri da-ta sets that exist in a variety of fomats for parameters necessary for
computing regional consumption (such as metered water use), for determining ground-water flow
rates qydraulic conductivity), and for computing the amounts of stored water (water-level data,
bedrockconfiguration,recharge,andstoragecoefficient)willbeassembledintoaunifieddata
base.  These quantity-related parameters will be combined to fomulate models which can be used
to describe past aquifer storage and to predict future changes.  The models will be used to
estimate historic consumptive losses and future storage changes under different management
plans and improvements in use efficiency.  One paraneter that is poorly understood is aquifer
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recharge.  Investigations will be included to estimate how this parameter may vary over the High
Plains, especially in western Kansas where recharge is small.

Historic water-quality data will be compiled from a number of sources, including the
KGS, KSU, KDA, KDHE, GMDs, USGS, EPA, LEPGs, and city/county health departments.
This will be a cooperative effort with those agencies, including consultation throughout the

project.  Analyses of water samples from over 1200 irrigation wells collected by the KGS from
1975 to 1980 will be a major source of this data.  The data will also be entered into the unified
electronic data base for assessment of data distribution, preliminary evaluation of past and

present water quality, and ongoing assessment of uncertainties and data needs.  Where stream-
aquifer interactions may have an important control on ground-water quality, a surface-water
component will be included in the study.  Information on surface-water quality and stream flows,
primarily from the KDHE and USGS, will be compiled and evaluated for effect on ground-water
quality changes.

A prioritized aquifer-wide sampling and analysis program will be designed based on initial
analysis of scaling, uncertainties, and program requirements that will take advantage of:  ( I ) as
many of the irrigation wells sampled during 1975-1980 as can still be sanpled, (2) additional
irrigation or supply wells necessary to provide a comprehensive coverage of the High Plains
aquifer in general, and specifically of the selected priority regions and prograns, and (3) irrigation
or supply wells in locations representative of potential major types of contamination sources.
Analytical determinations will include maj or inorganic constituents (including nitrate and selected
metals); selected organics (certain volatile chemicals and common pesticides and daughter

products) and bacteria may be analyzed on a site- or program-specific basis based on efforts to
develop this component of the study through collaborative interactions with other agencies.
Selected well waters may also be analyzed for isotopes and/or other constituents to detemine
water source and estimate recharge and the effect of evapotranspiration on concentration of
dissolved solids.  Not all constituents will be determined for all samples; both the sampling
design and the selection of analyses will be formulated to maximize information for funds
available.  The results will be used to evaluate local and regional changes in the aquifer, to
establish a strategy for future monitoring by the state, and for development of recommended
management actions for water-quality protection.

The  sampling program design, models and interpretations, and recommendations for
future evaluative activities will all require innovative approaches to overcome the recognized
problems of scaling and uncertainty.   A variety ofmultivariate, non-parametric, and regionalized
analytical approaches will be required, dealing with spatial patterns, time series, and their
interactions.  Scenario approaches may be useful in dealing with indeteminate uncertainties (e.g.,
future climate and socioe.conomic forcing of the groundwater system).  In order to link the
upscaling of point measurements and the downscaling of regional program (or natural forcing)
effects, it may be appropriate to perform intensive studies of `case study' sites detemined to be
representative of larger regional characteristics and/or responses.  Methodological improvements,
such as precise elevation determination of sampled wells and a greater reliance on dedicated
monitoring installations, may well prove to be an essential part of long-range evaluation
strategies.  Such considerations will evolve throughout the course of the study, based on
experience, continued analyses, and Task Force review and advice.
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Attachment 8 .

Budget

Title:    Evaluation  of Ground-Water  Quantity  and  Quality  Changes  in  the
High  Plains  Aquifer:    Focus  on  Impacts  of Water  Withdrawals  and
Agricultural  and  Industrial  Sources

Principal Investigator:  Donald 0. Whittemore
Co-Investigators:  Margaret A. Townsend, Carl D. MCElwee
Dates:   070198 -063099
Funding Agency:  Kansas Water Office

Personnel r20l
Young, David a3nvironmental Engineer)

(35625 annual gross @  1.00 time x 6 biweekly)
Vaughn, Sharon (Program Assistant)

(28717 annual gross @  1.00 time x 6 biweekly)
Fringe benefits, staff @  .28

TOTAL PERSONNEL

Travel. in-state r411
400 mi. RT  @  .31/Ini. x 6 trps.
Per diem:  78./day x 18 days x 2 persons

TorAL TRAVEL

SuoDlies and Contractual Services r60l-Research and office supplies

Computer software

TOTAL SUPPLH3S AND CONTRACTUAL SERVICES

EauiDment r70l

TOTAL EQUIfMENT

TOTAL DIRECT COSTS

Indirect Costs

TOTAL  COSTS

A-9

8221.00

6627.00

4157.00

19005.00

744.00
2808.00

3552.00

1943.00
500.00

2443.00

0.00

QiQQ

25000.00

0.00

25000.00



State Qf Kansas
D¢partment of Administration

Biv:i';°6na°(fRt;C8:gn3j and RCP°rts                       CoNTRACTUAL PROVI SION S ATTAC"ENT

Agency No. 2Q2  Contract No.22]J4

ATTACHMENT £

Important:     This form  contains mandatory contract provisions and must be attached to or incorporated  in all copies of any
contractual agreement.   If it is attached to the vendor/contractor's standard contract form, then that form must be
altered to contain the following provision:

"The provisions found in Contractual Provisions Attachment (form DA-146a), which is attached hereto, are hereby incorporated

in this contract and made a part hereof".

The parties agree that the following provisions are hereby incorporated  into the contract to which  it is attached and made a part
thereof, said contract being the _ day of_,1998.

3.   TERMS HEREIN CONTROLLING PROVISIONS
It  is  expressly  ngreed  that the terms  of each  and  every  provision  in  this  attachment  shall  pre\Jail  and  control  over the  terms  of an}'  other conflicting
provision  in an)' other document relating to and a part of the contract in which this attachment is incorporated.

4.   AGREEMENT WITH KANSAS LAW
All contractual agreements shall be sut)ject to, governed by, and construed according to the laws of the State of Kansas.

5.   TERMINATION DUE TO LACK OF FUNDING APPROPRIATION

##;#:,ige:;i#ngtiTi¥:oe;i:lAae#:%tsedsTnkR::i:cFi+#::n:d:;,:s.?#£:eo.?,i:aT:ci:i:t,a?nfm;e#,:tiff:eps;:ai|n:::tv?c:u::c:on:t`.i,:,!,f::?ugn.#::
g:g*fE=c°*tfi?s:ai;n£?f€::Ttrafi;#syh#a:avmea#eberigL°tvisedjneLthdjso#Li:+i;:f#ti;¥j:peticcessjho¥'onf°ibyeeqng:j=inEn;::i?d9£gL%'tscbuenf3::fh:

:oonthLirsmtat;:#j;,£acyLt#jepgennfi+o;:,t:reLT;#gnnoT#algLm#ttsjngtat¥tl*t:gLh:F#£fugge#t#al¥#;epjut3c£:#:%:,a:hth¥g#dj:;jg#eq:
culTent fiscal year.  The termination of the contract pursuant to this paragraph shall not cause any penally to be charged to the agency or the contractor.

6.   DISCLAIMER OF LIABILITY
Neither the State of Kansas nor any agency thereof shall hold hamless or indemnify any contractor beyond that liability incurred under the Kansas Tort
Claims Act (K.S.A.  75rdlol £±£gg.).

7.   ANTI-DISCRIMINATION CLAUSE
The  colltractor agrees:  (a) to comply with the Kansas Act Against Discrimination (K.S.A.  44-1001 £!j5£g.)  And  the  Kansas Age  Discrimination  in

tEomnpo't03Tsc¥:tnct;t(eK#stt|L`y'*rs#3*a¥£#feraapce?.'j#opn:0%'|S::,nsse:{ffi:a#;rj#t;oYj|thorE£#bj:jtiesfc;:4o2r¥::.i:.a:`aod`mi#n.)o(r¥ccfjs¥oi
or treatment or employment in, its programs or activities; (b) to include in all solicitations or advertisements for employees, the phrase "equal opportunity
employer";  (c)  to  comply  with  the  reporting  requirements  set  out  at  K.S.A.  44-103]  and  K.S.A.  44-1116;  (d)  to  include  those  provisions  in  every

i:#i¥:ffit,¥st:::#r:?(,n;thriof:u:¥s¥!:,i¥d#;#:toifa#:i:;t¥:?,:aigiv#i::#;£b'i;:,,i.:#!:jiei;e#o¥#n¥:#F:,#:¥#ug|:Tie:Ti
a breach of contract and the contract may be canceled, teminated or suspended,  in whole or in part, by the contracting state agency or the Kansas
Department of Administration.

Parties to this contract understand that the provisions of this paragraph number 5 (with the exception of those provisions relating to the ADA) are no(

::#Lfi:Ei':eTyatoffa,ra?i;?:li%\bwohro,::pdl:Xsn:F:i::fit!::f;:#:lps':?hees£T=*Fthetemofsuchcontractorwhosecontractswiththecontractingstateagency

8.   ACCEPTANCE OF CONTRACT
This contract shall not be considered accepted, approved or othenvise effective until the statutorily required approvals and certifications have been given.

9.   ARBITRATION. DAMAGES. WARRANTIES

i.:ofec#F|i,f##£.?o¥.£ie:#T¥er:¥irEL+\i#8:w#£#,%iioz!m#;e;r¥5e#t3;;ffL!#gh;1;I:ii,:ifffi:r#;£b:iid!nhgi##:%
10.       REPRESENTATIVE' S AUTHORITY TO CONTRACT

%c:j£:Lntgo###fe#:£;#Pctrsi#'&:t°#£#irj:°#gtboyLTifnEtsbythfates;u;gvpis#snis#¥.anthorizedbythecontractortoexecutethis

11.        RESPONSIBILITVFORTAXES
The State of Kansas shall not be responsible for, nor indemnify a contractor for, any federal, state or local taxes which may be imposed or levied upon
the subject matter of this contract.

12.  INSURANCE

#rtis&i#fnA¥#txa#;ii%#£i##:a##:#i:#far#stt:#:+#an¥es#oy%#al;£##:,p:ro*Tfn¥£:fd¥r]e:F++
holds title.

13.  INFORMATION
NOProvisioi`softhiscontractshaHbeconstTuedaslinitingtheLegislativeDivisionofPostAuditfromhavingaccesstoinfomationpursuanttoK.S.A.
46-I ]0, ca.
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Appendix 8:  Project WWW-site posting summary

First page: Public access index page for the High Plains website, developed for both general and
selective distribution and review of data and information.
httD://www.kgs.ukflns.eduAIvdro/I-IPAE/index.html

Second page: Index page for password-controlled HPAE website for communication among
project participants and Coordimting Council.
http://magellan.kgs. iikans.edu/IIighp]ainstindex.hlml (password required for login)

Subsequent pages: Coordinating Council and project participant contact listing-from the
website, and illustrative of contact database report products.
hllp://in:igellan.kgs.ukans.edu/Highp1:rins/coimcil.html (password required for login)
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I wrsday,  Juno  17.1999 Hich  Plains Aquilor Eveluaton Proj.ct Ham. Page

RE HIgh pla[ns Aqulfer Evaluation pro]ect

High  Plains  Aquifer  Evaluation  Project  (HPAE)
This is an access{ontrolled set of pages developed as a convenent means of information exchange and review by the participants in the HPAE. As the

project matures ancl materials are approved for release, appropriate sections of the pages will be transferred into public access pages.

Questions or suggestions? Contact Rt)bc`i.I W. Buddi`meicr, Project Manager.

The High Plains Aquifer Evaluation Project is being carrie(I out by the Geohydrology Section of the Kansas Geological Survey (KGS) under a
contract with the Kansas Water Office (KWO), with the parti.`ipation and review of a Coordinating Council made up of representatives of state and
local water agencies.

Under the terms of the contract, KGS will provide scientiric and technical support and guidance for the Kansas Water Office and other onganizatious
to assist them in setting goals, assessing resources and needs, and evalu:iting the progress and effects of programs affecting groundwater.  The
prim:iry focus of the KGS activities will be the quality :ind quantity of groundwater in the High Plains Aquifer.

Table  of  Contents

•  Brief o`.crvicw of Ttroicet t]biectivcs
•  AQeirev contact list and membei.s of the HPAE Coordinating Couiicil
•  Project FTP site
•  PartictDatinp KGS  Dersoiiel
•  Iiifo for KGS staff onlv
•  Info for Ageirev Pcrsonnc] toassword required)

Kansas CTeolopical Survev, GeohvdroloQv Section
Updated May -1999.
Scientific comments to Robert W. Buddemeier
Web comments to webadmin @kgs.ukans.edu
The URL for this page is HITP://www.kgs.ukans.eduAlydro/IIPAE/index.html
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rhunday.  Juno  17,1999 Hish Plains Aquif®r Evelualien  Prgivct Home Page

High  Plains  Aquifer Evaluation  Project  (HPAE)

This is an unlisted but publically accessible set of pages de`/eloped as a convenent means of information excbange and review by the participants in
the HPAE. As the project matures and materials are approved for release. appropriate sections of the pages will be linkecl to KWO and KGS sites

and transfdred into listed public access pages.

Project  Personnel

Donald whittemore -Project coordinator            Robert Buddemeier -Project Manager

Qunntity evaluation: Carl MCElwee (Group leader), Allen Macfalane,
and Marios Sophoclcous

Quality evaluation: Margaret Townsend (Group leader), David Young,
and Dc>nald Whittemore

Aquifer characterization:  Allen Macfarlane (Task leader)

Database management: Jeffrey schloss                Program assistance: Sharon vaughn

Questions or suggestions? Contact Robert \V. Bnddemcier, Project Manager.
ha*t uFwhtc 2¢ AL>ul 9iJ.

Eie#ighVl:|alaffa+:T%r&Va*#j?ffT;rceT#tois),bVleVltrythgth=jfr%uibuyoffanGd:hvlye¥:°fgaycsrieeri°inna°#ec#nesit¥m¥`¥p;:¥i=¥£qjg)oTggteaand
local water ageneies.

Under the tens of the contract, KGS will provide scientific and technical support and guidance for the Kansas Water Office and other
organizations to assist thein in setting goals, assessing resources and needs, and evaluating the progress and effects of programs affecting
groundwater. The primary fcx:us of the KGS activities will be the quality and quantity of groundwater in the High Plains Aquifer.

Table  of  Contents

•   NFW i  Iha|t.vyatcr Quali ty Pets:gl iiie Dc fiiiitioiis for Triidzil Ri3vitr`I?/I)i;;{;I+.!5{}i{)ii.I.
•  Nljw! Second I}raft or Water OuQntitw Basc]im. Jrminitlions twith original draft/diiscussnir:tn )
•  Brief overviiew of rtroiecl: objectives
•  Kansas Water Plan Objectives related to ITP^F,

:&goi#'ffi¥tHS.andmcmberottt`th.IIP^l!(`(itrJinaiingcoutci|
•  Particir)atin£ KGS Dersonncl

:Eff!f|dr#?OTUG:S#fapeE:,:mtKLjq#ianri-d;;ar#\vql;:yh:v|:a:ba?mTmcc;tts

Kansas Geological `Suncv, Geohvdrolof v Section

Scientific comments to R{)bert W. B uddeineiet.
Web comments to \`'ebadmin @kgs.ukans.edu
The URL for this page is I.ITIP://magellan.kgs.ukans.edu/IIighplains/index.html

http://magellan.kgs`ukans..duAlighplainsnnd.x.html
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HPAE
Coordinating Council

HPAE..Coord inating Council

High  Plains  Aquifer  Evaluation  Project  (HPAE),  continued

Page:  I

Members  of the HPAE  Coordinating  Council
The Coordinating Council consists of representatives of the major Kansas state and local water agencies.  It provides review and advice on prctject
plans and progress, contributes to the definition of goals and products, and facilitates and coordinates acquisition of data and cooperative efforts.

AI  LeDoux  (Exrofficio  Chair)

Director
K:insas Water Office h ttD://www.i nk.oi.g/oublic/k\++o/
109 S.W. Ninth Street, Suite 300
Topeka, KS 66612-1249

Phone: ¢85) 296-3185
Fax: 085) 296ro878
E-mail:  al@kwo`statc.ks.tls

Wayne  Bossert

General Manager
Northwest Kiinsas GMD No. 4 httD://colbv.ixks`coin/~wbossclt
P.O. Box 905
1175 S. Range
coiby, Ks 677Oiun5

Phone: 085) 462-3915
Fax: 085) 462-2693
E-mail: wb()sserl @colbv.ixks.com

Robert  W.  Buddcmcier  (Project  Manager)

Kansas Geological Survey;  httr7:/twww.kq,s.ukar\s.edu
1930 Constant Avenue
Lawrence, KS 66047-3726

Phone: ¢85) 864-3965
Fax: 085) 864-5317
E-mail:  buddrw@kes.ukans.edu

Michael  Dealy

Manager
Equus Beds GMD No. 2
3 i 3 Sprue
Halstcad,  KS 67056-1925

Phone:  (316) 835-2224
Fax: 016) 835-2210
E-mail:  Fra uu`sbed@ ink.orQ!

Sharon  Falk

#,g3:eg:gMDNo.5
Stafford, KS 67578

Phone:  (316) 234-5352
Fax: 016) 234rdl66
E-mail:  £md5@midwav.net (Big Bend GMD5`

Steven  Frost

Manager
Southwest Kansas GMD No. 3
Suite 106
409 Campus Drive

http//mag.llan.kgc.ukane..du/Highplainofcouncil.htrnl
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Garden City,  KS 67846-6158

Phone: G16) 275-7147
Fax: 016) 275-1431
E-mail:  sfrast@midusa.not

William  Hargrove

Director
Kansas Center for Agricultural Resources and Environment
Kansas Water-Resources Research Institute - KSU [KCARE-KWRRI]
44 Waters Hall
Kansas State University
Manhattan, KS 6650640 Phone: ¢85) 532-7419
Fax: 085) 532us63
E-mail:  bhar!±rov @ oz.oznct.ks`i `edu

Blake   Henning

Assistant 1~
State Conservation Commission
Mills Bldg.  109 SW 9th St., Suite 500
Topeka, KS 66612-1299

Phone: 085) 296-3600
Fax: ¢85) 296rdl72
E-mail:Bheniiing@Scc.scale.ks.us

Larry  Knoche

KfasR:FTentofHealthandEnv;rorment
Topeka, KS 66620unl

Phone: 085) 296-1662
Fax: ¢85) 296-1668
E-mail: 1kn(>che@kdhe.state.ks. us

Maurice  Korphage

Director
Kansas Corporation Commission
Oil and Gas Conservation Division
Suite 2125
130 S. Market Street
Wichita, KS 67202-3802

Phone: 016) 337rd200
Fax: 016) 337{211
E-mail: in.kori)hagc@ kcc..state.ks.us

Keith  Lebbin

Manager
Western Kansas GMD No.  1
P.O. Box 604
West Highway 96
Scott City, KS 67871-0604

Phone: 016) 872-5563
Fax: G16) 872-7315
E-mail: wkgmd] @RuraITel.net

David  Pope

Chief Ehgineer, Director
Kansas Department of Agriculture
Division of Water Resources
KS Dept. of Agricultue
901  S. Kansas Ave., 2nd FI
Topeka,  KS 66612-1283

Phone: 085) 296-3717
Fax: 085) 296-1176

http//mag®llan.kg8.ukan...du/Highplaina/council.html
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E-mail: dpope@kda.sta te.k:;.ii;;

John  Stamer

Pesticide Program Manager
Kansas Department of Agriculture
Division of Pesticides
KS Dept. of Agricultue
901  S.  Kansas Ave., 7th FI
Topeka,  KS 66612-1281

Phone: ¢85) 296-3786
Fax: 085) 296"73
E-mail:  istamer@kda.state.ks,us

Donald  0.  Whittemore  (Project  Coordinator)

Kansas Geological Survey htrr`://wu'w.kQs.ukani.cJ`]
1930 Constant Avenue
Lawrence, KS 66047-3726

Phone: 085) 864-3965
Fax: 085) 864-5317
E-mail: donwhitl@kfs.ukans.edu

HPAE--Coord inating  Council Page, 3

KWO  Staff

Clark  Duffy

Kansas Water Office httD://www.ink.ore/rtublicncwo/
109 S.W. Ninth Street, Suite 300
Topeka, KS 66612-1249

Phone: ¢85) 296-3185
Fax: 085) 296ro878
E-mail: cdutTv@kwo.state.k.s.us

Darrel  Eklund

Kansas Water Office httri://wuiw.iiik.orq/I.ub]icAcwo//
109 S.W. Ninth Street, Suite 300
Topeka, KS 66612-1249

Phone: 085) 296ro864
Fax: 085) 296ro878
E-mail: dcklund@kwo state.ks.us

Da]jit  Jawa

Kansas Water Office hlto://www'.ink.or£/nublicthwo/
109 S.W. Ninth Street, Suite 300
Topeka,  KS 66612-1249

Phone: ¢85) 296ro871
Fax: 085) 296ro878
E-mail: diau'a@kwo.state.ks.us

Particir)ating  KGS  Staff

8:+:=:;##¥:3T;:cFT¥-:T#§nd#E¥%¥#,###ifeg-¥Tgr¥#EL=
Aquifer Characterization: Allen Macfallane (Task leader)

Database management: Jeffrey Schloss Program assistance: Sharon Vaughn
Questions or suggestions? Contact Robert W. Buddcmcicr, PrQject Manager.

I
http://mag.llan.koe.ukans.edu/Higt`Plaindycouncil.I`tml

8-6



Appendix C:  Contact data base

The contact inventory was assembled first from individual and institutional KGS records, and
then checked and expanded by refei.ence to agency WWW pages, directories, etc.  Incomplete
entries are retained, pending agency review and expressions of interest in database use and
maintenance.

The contact database is a useful infoi.mation tool that will be maintained and updated; a possible
long-term product goal would be a web version that would allow agencies and individuals to
check and col.rect their own entries.   At present we ask that the personnel listed in the database
report please I.eview theii- inforination for completeness, accuracy, inform us of any corrections.
The report is arranged alphabetically by organization name.

We consider the pi.esent form adequate for a stand-alone item, although some individual items
need to be checked, colt.ected, zmd expanded; when it is linked to the progi.am and data inventory
tables, some additions and I.efinements will undoubtedly be needed.   Readers are requested to
submit corrections or additions to the compilers of this 1.eport.

I
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CoNTACTS DATAB ASE REPoRT                                                      (alphabetica,,y by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS DATAB ASE REPoRT                                                       (alphabetica,ly by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION

Kansas Biological Survey

256 Nichois Hall

University of Kansas

lawrence

(785) 864-7770

www.gemlab.ukans.edu/kbs

KS       66047

Edward

Director

Coordinating Council Member

Martinko

Friday, June 18.1999 C-3 Page 2 of 13



CoNTACTS DATAB AS E REPoRT                                                       (a,phabetically by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS  DATAB AS E REPoRT                                                       (alphabetically by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS DATAB AS E REPoRT                                                      (a,phabetica,,y by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS DATABASE REPoRT                                                       ,alphabetica,,y by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION

Kansas Forest Service

2610 Claflin Road

Kansas State University

Manhattan

(785) 532-33cO

`rmrw.oznet.ksu.edu/dp_kfs

KS       66502-279 8

Raymond

State Forester

Coordinating Council Member

Aslin

Kansas Geological Survey

1930 Constant Avenue

University of Kansas

lawrence

(785) 864-3965

www.kgs.ukans.edu

KS       66047-3726

(785) 864-5317

Coordinating Council Member

Robert

Senior Scientist

Gcohydrology

ext 329

buddrw@kgs.ukans.edu

Buddemeier
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CoNTACTS DATAB AS E REPoRT                                                       (a,phabetica,ly by organization name)
ORGANIZATION INFORMATION                                                     PERSONNEL INFORMATION

Kansas Geo[ogica] Survey

1930 Constant Avenue

University of Kansas

lawrence

(785) 864-3965

www.kgs.ukans.edu

KS       66047-3726

(785)  864-5317

Coordinating Council Member

Lee

Director

Administration

ext 324

lgerhard@kgs.ukans.edu

Gerhard

Kansas Geological Survey

1930 Constant Avenue

University of Kansas

Irdwrence

(785) 864-3965

www,kgs,ukans.edu

KS       66047-3726

(785) 864-5317

Coordinating Council Member

Don

Section Chief

Geohydrology

ext 448

donwhitt@kgs.ukans.edu

Whittemore

Kansas Geological Survey

1930 Constant Avenue

University of Kansas

Lawrence

(785) 864-3965

ww.kgs.ukans.edu

KS       66047-3726

(785) 864-5317

Coordinating Council Member

Harrison

Administration

ext 445

harrison@kgs.ukans.edu

Kausas State University

neparment of Agronomy

2004 Throckmorton Hall

Manhattan

(785) 532-7217

www.ksu.edu

KS       665 06

(785) 532-6094

Coordinating Council Member

Rice

Department of Agronomy

cwrice@ksu.edu

Kansas State University

Waters Hall

Kansas State University

Manhattan

(785) 532-6147

www.ksu.edu

KS       665 06-4cO2

Coordinating Council Member

Marc

ha
College of Agriculture

Johnson
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CoNTACTS DATAB ASE REPoRT                                                      (a,phabetica,,y by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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Kansas Water Office

109 SW 9th Street

Mills Building. Suite 3cO

Topeka

(785) 296-0878

www.ink.org/publicckwo

KS       66612-1249

(785) 296-0878

Coordinating Council Member

Eklund

deklund@kwo.state.ks.us

Kansas Water Ofrice

109 SW 9th Street

Mills Building, Suite 300

TOpcka

(785) 296-0878

www.ink.org/public/lcwo

KS       66612-1249

(785) 296-0878

Coordinating Council Member

Duffy

cduffy@kwo.state.ks.us

Kansas Water Office

109 SW 9th Street

Mills Building, Suite 300

Topeka

(785) 296-0878

www.ink.org/publicckwo

KS       66612-1249

(785) 296-0878

Coordinating Council Member

Jawa

djawa@kwo.state.ks.us

Kansas Water Officc

109 SW 9th Street

Mills Building, Suite 300

Topeka

(785) 296-0878

www.ink,org/publicckwo

KS       66612-1249

(785) 296-0878

al@kwo.state.ks.us

Coordinating Council Member

LeDoux
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CoNTACTS DATABAS E REPoRT                                                       (a,phabetical|y by organization name)
ORGANlzATION INFORMATloN                                                    pERsor`INEL INFORMATION

Northwest Kansas GMD No. 4

P.O. Box 905

1175 S Range

Colby                                                  KS       67701-0905

(785) 462-3915                                   (785) 462-2693

colby.ixks.com/~wbossert

Wayne

Manager

Coordinating Council Member

Bossert

wbossert@colby.ixks.com
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CoNTACTS DATAB ASE REPoRT                                                      (a,phabetical,y by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS DATAB AS E REPoRT                                                       (a,phabetica,ly by organization name)
ORGANIZATION INFORMATION                                                     PERS ONNEL INFORMATION
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CoNTACTS  DATAB AS E REPoRT                                                       (alphabetically by organization name)
ORGANIZATION INFORMATION PERS ONNEL INFORMATION
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Appendix D:  Program data base

Note:   The a{{acheil p(.Iges (11.e  s(im.pl,e.s ()f the  actli,(1l dat(ib(lse report, which is lnore th.(in  loo pp
long in the present .format.  A fiill copy wa,s previousl.y suppl.ted to Klh/O (attachment to KGS
letter report (1ated, the materi(1l is av(lil(ible in either paper copy or electronic form., and KGS
will develop datcib(ise qi.Iei..ie`s  tlntl re|iorts on s|ieci.fic ilrforlneition requests.

Pi.ogram information was the most involved and time-consuming to assemble, with
approximately 3+ person-months invested to this point.  Information was acquired fi.om agency
web-sites to the extent that they existed, and was subsequently followed up by e-mail, phone
calls, oi. personal visits, plus use of any published information available from the agency.   In the
case of organizations without websites (e.g., GMDs other than 4), personal contacts and
published information was relied upon. The oi.iginal sources from which the program
infoi.nation was acquired (see below) had been organized and formatted in a variety of ways.
Since some of the information was ti-ansfei.red fom word processing tables to spreadsheets and
then to Access, thei.e is not complete consistency in the table entries. The fields in the tables
were selected as a 1.easonable basis for soiling and desci.ibing the information, but with the
recognition that I.eview and experience may dictate some modifications.

In the program inventoi-y, cover.age is somewhat vat.iable.   At the local level, information is
considered reasonably complete foi. GMDs 2-5, but little or no information has been obtained for
GMD1.   No sei-ious effoi.t has been made to identify progi.ams at the city or county level except
for LEPG, or for districts other than GMDs.   State agencies have all been checked, and coverage
is considei.ed good for the period  1994-1996.  Prior to that, electi.onic listings are generally not
available, and post-1996 updates have been spotty (some information acquired fi.om KWO has
been included).   State agencies for which covei.age is less than adequate are DWR and KSU.
Some federal agencies have been checked, including USDA, EPA, Corps of Engineers and
USBR, but we are not confident that we have found all of the relevant information for these
agencies, and thei.e ai.e others (including USGS) that we have not yet considered.   In general, the
information assembled gives a I.easonable picture of the nature, number, and diversity of the
pi.ograms, but is far fi.oin complete, in spite of the lai.ge amounts of time spent and of
infoi.mation assembled (215 database records, compared to 77 contact records, 21 water quality
metadata recoi.ds, and 3 water quantity metadata records).  This has resulted in the prioritization
decisions mentioned in I.epoil section IA3.

Colnm.ent.s and observations on programs and the program database:

1.    The number, divei.sity, and potential overlap of local, state, and federal programs relevant to
High Plains water is sui.prising even to professionals I.easonably experienced in working on
Kansas groundwater issues.

2.    There is no exi`sting listing or description of these pi.ograins that crosses the boundaries of
agency mission and funding soul.ce.

3.    The pal.tial lists that do exist vary widely in foi.mat, content, and extent of both coverage and
information accessibility.

4.    From the standpoints of both cool.dination and assessment of program impacts, such a
database seems desii.able, and perhaps essential.
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I
5.    In view of the substantiiil effoi.t I.equired to complete and expand such a database, potential

uses should be car.efully considered, and needs and products prioritized.
6.    Responsibility for completion and maintenance (if desired) of the database should be

consider.ed.   KGS is probably an appropriate entity to structure the database and certainly to
link it to the other, project-I.elevant databases.   Whether KGS is most appropriate for further
development And/or upkeep is a imtter for consideration.

Comm.ents  on il(it{lbase  stl.uc{lil.e  un  il|lplic(1ti()ns:

Collaboration -- The progi.ain data table contains enti.ies that are specifically identified as
"cooperative agi.Cements" (usually in the "pi.ogi-am objectives" field); however, a much larger

number of pi.ograms have multiple agencies identified in the "organizations" and/or the
"funding" fields.   The database can be queried for multiple-agency participation.

Geogrflphic location -- The pi.ogi.am data table has location enti.ies for county, basin, GMD, and
othei., all of which are `searchable.   Eventually these data and searches will probably be handled
in a GIS diltabase; for the tiine being, input on the probable applications and search needs of the
users will be solicited (see below) in oi.der to determine what refinements to the field and query
structui.es might be needed.   A mijor issue is thiit all of the categories are pal.tially but not
perfectly over.lapping (e.g., GMDs contain parts of basins and parts of counties, and vice versa),
so the design of data included and seal.ch ci.iteria both need to be tailored to expected
applications.
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Pu bl ic i n formatiorL/education

KS Geographic Alliance

itle:  ``Conservation Education and Technical Assistance To Water Users [n South`vest Kansas Groundwater Managemen( District No. 3."
Implement public outreach and educational programs for water users, the general public, and students K-12.  Provide technical assistance to
water i]sers. Notify irrigators abou( availability of free technical assistance for well flow rate testing and water ineter installation evaluation.
Provide assistance with irigation system design and opera(ion evaluations to effect water conservation and optimum economic production.
Implement a pilot `Conservation Mgmt. Service" program for additional technical assistance to irrigators.  Initiate an accounting system for
pilot "Flex Appropriation Mgmt." program to assist irrigators and DWR in monitoring water appropriation use and compliance in Arkansas
River Intensive Groundwater Use Control Area of the District.  Hire an education specialist.
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