Platte Basin Coalition Committee
Meeting Minutes
February 3, 2014, 10:30 a.m. Central Standard Time
Twin Platte NRD Office, North Platte, NE

Call to order and attendance: Miller called the meeting to order at 10:35 a.m. Central
Standard Time. Sponsors and partners in attendance were:

Mark Czaplewski CPNRD John Berge NPNRD
Jesse Mintkin CPNRD Tina Kurtz NPNRD
Duane Woodward CPNRD Rod Horn SPNRD
Melissa Mosier DNR Ryan Reisdorff SPNRD
Jennifer Schellpeper DNR John Thorburn TBNRD
Jessie Winter DNR Ann Dimmitt TPNRD

Kent Miller TPNRD

Guests in attendance:

Tyler Thulin CNPPID Jeff Shafer NPPD

Welcome and Open Meetings Act: Miller noted that a copy of the Open Meetings Act was
posted in the back of the meeting room.

Publication of Meeting Notices — Procedure: The DNR published a public notice of the
PBC meeting in the Scottsbluff Star Herald on January 25, 2014, the Grand Island
Independent on January 28, 2014, and the North Platte Telegraph on January 30, 2014.

Agenda Modifications: None
Approval of Minutes from the December 2, 2013, PBC meeting:

Motion: To approve the December 2, 2013, PBC meeting minutes.
Woodward motioned to approve. Horn seconded. Motion passed with all ayes.

Budget Update

A. Operations: Schellpeper discussed the updated PBC budget sheet. The updated
budget summary includes an amendment total reflecting the fall groundwater
recharge project and the Grandview permanent retirement project, which were
approved at the December 2, 2013, PBC meeting. All of the budgeted project
dollars for the first three-year phase have been committed. Czaplewski mentioned
that the current PBHEP canal projects are going well, but if work is delayed to the
point that the expiration date is passed on NET funds, the group may want to
consider a PBC/PBHEP trade of funds.
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(1) Liability: The liability and linebacker renewal policy has been received by
SPNRD, along with the invoice. The coverage will be the same as last year’s
with a premium increase of $195.00, bringing this year’s total to $3,215.00.
Last year it was decided to split the cost six-ways and have SPNRD bill each
entity; Horn proposes that this year’s liability is handled in the same manner.

Motion: To equally divide between the PBC entities, the 2014 PBC General Liability and
Public Officials Liability Insurance Coverage premium and have SPNRD administer the
billing procedure.

Woodward motioned to approve. Thorburn seconded. Motion passed with all ayes.

B.

Studies: The final invoice for Phase | of the Platte Basin Conservation Study has
been received and the PBC studies budget is now closed.

6.  Project Updates

A.

C.

N-CORPE: Construction of the south-flowing pipeline should be completed at
this time. At least 10 wells in the wellfield are completed and the remaining wells
are done or very close to being done. Water is currently flowing through the south
pipeline (or will be in the very near future). On the north side of the project, it has
been determined that the alignment of the pipeline from the wellfield will be
straight north. There is a draft agreement in development to utilize a NPPD supply
canal from a point approximately four miles west of Lake Maloney, on to the
South Platte River, which will likely save the project $4 - 5 million. The plan is to
begin construction on the north-flowing portion of the project this summer. A
contract for the purchase of the pipe is expected to be executed within the next 30
to 60 days. TC Engineering Inc, sub-contracted under Miller and Associates, have
been asked to start obtaining the easements for the north-flowing portion of the
project. Reversing the water flow is no longer being considered for the project at
this time, but could be added later on. The big push for the occupation tax will
occur on the first of May, but TPNRD has been able to work through the majority
of the financing process with the help of MIPS, ditch company records, and
county assessor records. Levying an occupation tax does not require a public
hearing, but TPNRD sent out letters to landowners, held informational public
meetings, and visited with county boards of commissioners in order to ensure that
everyone was aware that it would be on the next tax statement.

Orchard Alfalfa: Mintkin reported that there are three contractors currently
working on the canal and all are currently running ahead of schedule, or right on
schedule. Woodward mentioned that Orchard Alfalfa is going through the process
of transitioning from an irrigation company to an irrigation district.

J-2 Regulating Reservoir: Nothing new to report.
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North Platte NRD Lease: Berge reported that NPNRD is still going through the
permitting process for the project with DNR. NPNRD has recently finished its
portion of the change of appropriation analysis. This project has proven to be very
popular with district landowners who have approached NPNRD with offers to
participate in similar projects.

Tri-Basin Phase Il Augmentation: Thorburn reported that HDR’s analyses of
augmentation wells on an existing site and a potential site on North Dry Creek
have been completed and the results will be reported to the TBNRD Board at their
next meeting.

7.  Study Updates

A.

Platte Basin Conservation Study: Thorburn reported that a conference call was
held on January 31, 2014, in order to discuss potential actions on the
Conservation Study. Phase | of the study was helpful in that it assists managers in
the prioritization of conservation practices that deserve additional study. The
Western Water Use Model and the COHYST Model account directly for some of
the irrigation conservation practices, but indirectly for non-irrigation practices. It
has been proposed that the models are run with the goal of isolating the impact of
both irrigation and non-irrigation conservation practices. At this point, it is not
possible to identify the portion of the difference between current and fully
appropriated levels of development that are due to conservation practices. The
recommendation is that the models are run to estimate the impacts of conservation
practices, but that additional research on the estimate of the impact of
conservation practices on streamflows is postponed until the difference in impacts
on streamflows between current and fully appropriated levels of development is
determined. Action on this item was deferred to the POAC meeting.

8. Public Comments: None

9.  Adjourn: The PBC meeting adjourned at 11:28 a.m. Central Standard Time.

The next PBC meeting dates have been set for April 1, 2014, June 2, 2014, August 5,
2014, October 6, 2014, and December 1, 2014, at 10:30 a.m. Central Time.
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Agenda

Platte Basin Coalition Committee Meeting
February 3", 2014, 10:30 a.m.
Twin Platte Natural Resources District Offices, North Platte, NE

. Welcome and Open Meetings Act

Publication of Meeting Notices

. Agenda Modifications

. Approval of December 2", 2013, PBC Meeting Minutes

Budget Update
A. Operations
i. Liability
B. Studies

Project Updates
A. N-CORPE
B. Orchard Alfalfa
C. J-2 Regulating Reservoir
D. North Platte NRD Lease
E. Tri-Basin Phase 1l Augmentation

. Study Updates
A. Platte Basin Conservation Study

Public Comments

. Adjourn



PBC Funding Summary Updated 1/31/2014

PBHEP Budget Summary CPNRD NPNRD SPNRD TBNRD TPNRD Total NRD DNR (NET Transfer) DNR General Fund Total by Year
Budget Year 1 S 301,400.00 | $ 708,400.00 | S 61,600.00 | $ 444,400.00 | $ 684,200.00 | $ 2,200,000.00 | S 3,300,000.00 | $ 2,200,000.00 | $ 7,700,000.00
Budget Year 2 S 301,400.00 | $ 708,400.00 | S 61,600.00 | $ 444,400.00 | $ 684,200.00 | $ 2,200,000.00 | S 3,300,000.00 | $ 2,200,000.00 | $ 7,700,000.00
Budget Year 3 S 301,400.00 | $ 708,400.00 | S 61,600.00 | $ 444,400.00 | $ 684,200.00 | $ 2,200,000.00 | S 3,300,000.00 | $ 2,200,000.00 | $ 7,700,000.00
Amendment Total S 253,887.00 | S - S 207,581.00 | $ 461,468.00
Total 3 Year Budget S 904,200.00 | $ 2,125,200.00 | $ 184,800.00 | $ 1,333,200.00 | $ 2,052,600.00 | $ 6,853,887.00 | $ 9,900,000.00 | $ 6,807,581.00 | $ 23,561,468.00
PBHEP Project CPNRD NPNRD SPNRD TBNRD TPNRD Total NRD DNR (NET Transfer) DNR General Fund Total by Project Project Status
J-2 Reregulating Reservoir $1,168,500 $1,168,500 $934,800 $3,271,800 $4,907,700 $6,426,750 $14,606,250|Under Contract
Orchard-Alfalfa Canal Rehabilation and
Water Rights $1,665,578 $1,665,578 $2,498,368 S0 $4,163,946|Under Contract
CPNRD conservation easement package $742,364 $742,364 $1,113,545 $1,855,909 |Partial Payment/Inreview by NDNR
N-CORPE $600,000 $600,000 $900,000 $1,500,000(In review by NDNR
Phase Il North Dry Creek $39,000 $39,000 $58,500 $97,500]to be submitted by TBNRD
North Platte NRD Lease/Recharge $196,758 $196,758 $121,887 $173,250 $491,895 [to be sumbitted by NPNRD
Fall 2013 GW recharge $6,000 S0 $2,970 $112,199 $10,930 $132,099 $198,149 $330,248(to be submitted by NPNRD
Grandview Permanent Retirement $6,288 $6,288 $9,432 $15,720]to be submitted by NPNRD
PBHEP Overruns $200,000 $300,000 $500,000(to be submitted by PBHEP project sponsors
Totals by Contributor S 3,582,442.00 | S 203,046.00 | S 2,970.00 | $ 1,319,699.34 | $ 1,545,730.00 | $ 6,853,887.34 | S 9,900,000.00 | $ 6,807,581.00 $23,561,468
S 16,707,581.00

Remaining Financial Commitments by
Contributor SO S0 SO S0 SO S0 SO SO|N/A

S 6,853,887.00 S 9,900,000.00 $ 6,807,581.00




Platte Basin Coalition Committee
Meeting Minutes
December 2, 2013, 10:30 a.m.
Twin Platte NRD Offices, North Platte, NE

Call to Order and Attendance: Sponsors and partners in attendance were: Ann Dimmitt and
Kent Miller (Twin Platte NRD), Mark Czaplewski, Lyndon Vogt, Jesse Mintkin, and Duane
Woodward (Central Platte NRD), Rod Horn, Travis Glanz, and Ryan Reisdorff (South Platte
NRD), John Thorburn (Tri-Basin NRD), John Berge and Tina Kurtz (North Platte NRD), Jesse
Bradley, Heather Stream, Melissa Mosier, and Amy Wright (Nebraska Department of Natural
Resources). Guests present were: Tyler Thulin (CNPPID), Dustin Wilcox (NARD), Jeff Schafer
(NPPD)

1.  Welcome and Open Meetings Act: Miller noted that a copy of the Open Meetings Act was
available on the back wall of the meeting room.

2.  Publication of Meeting Notices — Procedure: The DNR published a public notice of the
PBC meeting in the Scottsbluff Star Herald, Grand Island Independent, and the North Platte
Telegraph.

3. Agenda Modifications: None
4. Approval of Minutes from the August 6™, 2013 meeting

Motion: To approve the August 6™, 2013 meeting minutes.
Miller motioned to approve. Horn seconded. Motion passed with all ayes.

5.  Budget (Bradley)

A. Operations: There are no updates on the operations budget.

B. Studies: The second invoice from The Flatwater Group for the Conservation Study has
been received, bringing the total cost for the study to $66,652.

C. Projects (WRCF)

(1) Budget Amendment: Item 5 C-i outlines the August PBC Funding Summary
(Table 1) and the proposed PBC Funding Summary (Table 2). In addition to the
previous financial commitment of $115,000, the “Groundwater Recharge and
Flood Flow Reduction Project, Fall 2013 ($330,248) and the “NPNRD Grandview
I1I” project ($15,720), will bring the remaining financial commitment to a total of
$461,468. Kent Miller posed a question on the status of N-CORPE funding held in
reserve as approved in a motion from November 2012. Both Czaplewski and
Bradley agreed that the funds noted in Item 5 C-i under “PBHEP Overruns” are
intended to be rolled over to N-CORPE.

PBC Final Meeting Minutes 1
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6.

A

Czaplewski noted that uncommitted funds may become available under the line
item for the CPNRD conservation easement package #5 due to discounts to the
surface water retirements, but the amount is unknown at this time.

The motion to amend the PBC budget was deferred to the Project Requests portion
of the meeting.

Project Updates

N-CORPE: Miller stated that litigation over the N-CORPE project had been dismissed
and no other filings have been announced. Construction has begun on the wellfield and the
south-running pipeline. The majority of the south-running pipeline has been put into place
and it is expected that water will be flowing through this portion of the project by the end of
2013. The subcommittee is working on the timeline for the north pipeline. A video will be
made of the construction, similar to the video for the Rock Creek project. TPNRD sent
letters about the occupation tax for N-CORPE to irrigated landowners throughout the
district. Most landowners have been receptive to the project once they have had a chance to
discuss the details with TPNRD staff. TPNRD contracted with MIPS for assistance in
developing the database with county information needed to complete this task.
Orchard-Alfalfa: There are two construction companies on site: Perrett Construction is
scheduled to finish their portion of the project next spring, and Simons Construction is
scheduled for completion next fall. Czaplewski asked about possible discrepancies
between project payment and completion timelines: Bradley answered that it was likely
that funds will be held over to meet payment dates, if needed.

J-2 Regulating Reservoir: Bradley reported that the initial payment of approximately $5
million has been made. The permitting and land acquisition for the project should take
approximately two years. The construction phase will then take an additional two years. A
firm was hired to assist with permitting and land acquisition and Bradley noted that at least
the first portion of the permitting phase would likely be completed before land acquisition
occurred. Lastly, Bradley mentioned that more funds would likely be transferred into the
Nebraska Community Foundation account to support this project.

North Platte NRD Lease: Berge stated that NPNRD made the initial lease payment to the
producer and NPNRD is working with DNR on the permitting process. Construction is
expected to begin next spring. NPNRD has been approached by other producers in the area
who are interested in similar projects. Woodward asked what type of water right permit
was needed for the project. These permits will likely be storage and transfer of use. Kurtz
stated that NPNRD plans to continue to work closely with the DNR in the permitting
process.

Tri-Basin Phase Il Augmentation: Thorburn stated that HDR has been commissioned to
complete a report on the impacts of pumping for this project. The report is expected to be
completed and delivered to TBNRD soon.

PBC Final Meeting Minutes 2
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7.

Project Requests

A. 2013 Diversion and Recharge of Excess Flow Project: Item 7a explains how and why

the fall 2013 groundwater recharge and flood mitigation project was carried out, the canals
used and entities that took part in the project, and the associated costs. This project was
very similar to the 2011 project in regard to the intent, operation, and funding
arrangements. It is estimated that approximately 40 - 50% of the water diverted for the
project was recharged into the underlying aquifer, with total amounts varying by area. The
total project cost is approximately $330,000; split 60/40 between the DNR and NRDs,
respectively.

Motion: The Platte Basin Coalition supports the fall of 2013 groundwater recharge
and flood mitigation project and agrees to commit funds of $330,248.34 to the
project. Calculations of recharged project water and calculations/modeling of
accretions to the Platte River will be performed by the Platte Overappropriated Area
Committee.

Bradley motioned to approve. Thorburn seconded. Motion passed with all ayes.

. NPNRD Grandview Permanent Retirement (Kurtz): The Grandview Il project would
allow for the retirement of irrigated cropland. The total cost of the project is approximately
$15,720 split 60/40 between the DNR and NRDs, respectively. The project should result in
about 15 acre-feet/year credited to the Platte River.

Motion: To approve the Grandview Il, LLC permanent retirement funding request.
Thorburn motioned to approve. Berge seconded. Motion passed with all ayes.

8.  Conservation Study Final Draft Phase | (Thorburn): Item 8 contains the Draft Final
Technical Memorandum on Conservation Study provided by The Flatwater Group. The
Conservation Study describes which conservation practices have the highest positive benefit
to streamflow, and therefore, which practices merit further study. Further discussion on the
next steps and the possibility of submitting an RFP for a second phase of the study will be
held at the beginning of 2014.

Motion: To accept the Flatwater Group’s Phase | Draft Final Conservation Study as
the final phase | report:
Thorburn motioned to approve. Berge seconded. Motion passed with all ayes.

10. Public Comment: Miller stated the dates for the 2014 PBC and POAC meetings would be as
follows: February 3", April 1%, June 2", August 57, October 6", and December 1%, 2014.
Czaplewski noted that PBHEP will be phased out in 2014.

11. Adjourn: The meeting adjourned at 11:29 a.m.
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8200 Cody Drive

Suite A
Lincoln, Nebraska 68512-9550
THE
FLATWATER degbrecty
GROUP
MEMORANDUM
To: Platte Basin Coalition
From: The Flatwater Group, Inc.
Date: 23 December 2013
Re: Draft Final Technical Memorandum on Conservation Study

The purpose of this technical memorandum is to describe the results of the review and inventory
completed for this effort, including a matrix describing the availability of data and its usefulness
in achieving the project purpose, a description of three potential methods for implementing an
approach to assess the effects of conservation measures that can be utilized to develop a
Scope of Work for Phase II, and a cost estimate for each method.

l. Proposed Definition of Conservation Measures
The proposed definition for “conservation measures” is included below. This
definition was developed with input and feedback from a number of sources,
including Coalition members, but relied primarily on research done on existing State
Statute related to the term or similar terms. As has been discussed elsewhere, the
terms “conservation measures”, “conservation practices” and “conservation activities”
are all used within the text of the Groundwater Management and Protection Act —
arguably interchangeably. Since the primary statute language of interest for this
project uses the term “conservation measures”, it is that term which has been
adopted, for the most part, in this effort. In some cases, the term “conservation
practices” may have been used, in which case the term should be considered
synonymous with “conservation measures”:

Conservation measures, for the purposes of Neb. Rev. Stat. 846-715(5)(c), shall
mean practices designed to control or prevent soil erosion, enhance the beneficial
use of precipitation and irrigation water, or reduce non-beneficial water consumption.

Il. Other Definitions
Several other terms have been used in this effort which will be defined here to help
establish a consistent “language” and hopefully avoid confusion over terminology.

A. Techniques — for each of the identified conservation measures, the matrix
includes at least one “technique” to develop estimates of recharge, runoff, and/or
ET. These technigues may include simple equations or algorithms found in
textbooks or research papers, complex computer models, physical site sampling
procedures, or other processes used to develop these estimates.
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B.

Methods — the Coalition itself used the term “methods” within its Scope of Work
RFP for Phase | tasks. Three methods are identified in this effort as potential
ways to derive estimates, for all conservation measures throughout the entire
study area, of changes to recharge, runoff, and ET. Methods are made up of a
suite of “techniques” to address the entire list of identified conservation
measures.

Matrix — the “Matrix on Quantification of Conservation Impacts to Streamflow”,
developed by the project team to fulfill the requirement in the Scope of Work
directing the team to “include a matrix describing the availability of data and its
usefulness in achieving the project purpose”. The Matrix includes a list of all
conservation measures considered, and preliminary estimates as to the
availability of data on the respective measures and the potential magnitude of
impact to streamflow created by each measure.

. Base Conditions — the Matrix includes estimates of the impact to recharge,

runoff, and ET, using the qualitative terms of “increase”, “decrease”, “no change”,
or “not applicable”. In order to make these estimates, “base conditions” had to
be established for each conservation measure listed. For instance, in making an
estimate of changes to runoff resulting from conversion to surge irrigation, the
base conditions used to estimate these changes were established as furrow
irrigation with gated pipe.

Evapotranspiration (ET) — the conversion of liquid water into vapor which leaves
the watershed through evaporation from the soil, plants, or free-water surfaces,
or through transpiration through plants.

Recharge — the movement of water from the surface to ground water, through the
vadose zone.

Overland Runoff — the movement of water over the surface as a result of excess
precipitation, irrigation, meltwater, or other surface water sources. This may
include return flow.

Return Flow — the portion of diverted surface water returning to the stream, which
is a component of overland runoff.

. Magnitude of Impact and Frames of Reference
In order to make estimates of the assumed basin-wide* magnitude of impact
associated with the various conservation measures, it is important to define and
explain the time frames that are important for this particular study.

The language that governs the study of the impacts of conservation measures is
contained within State Statute, in Neb. Rev. Stat. 846-715(5)(c):

Any integrated management plan developed under this subsection shall identify
the overall difference between the current and fully appropriated levels of
development. Such determination shall take into account cyclical supply,
including drought, identify the portion of the overall difference between the
current and fully appropriated levels of development that is due to conservation
measures...

! Basin-wide impact in the context of this review includes consideration of the total number of conservation
measures installed across the entire basin, meaning the cumulative effect for each conservation measure, rather than
a comparison of conservation measures on a per acre basis.

2
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In addition, the definition in Neb. Rev. Stat. §46-706(27) provides additional guidance
in terms of how conservation measures factor into the difference between the two
levels of development:

Overall difference between the current and fully appropriated levels of
development means the extent to which existing uses of hydrologically
connected surface water and ground water and conservation activities result in
the water supply available for purposes identified in subsection (3) of section 46-
713 to be less than the water supply available if the river basin, subbasin, or
reach had been determined to be fully appropriated in accordance with section
46-714;

Using this language as a basis, Figure 1 shows a simplified representation of a
hypothetical comparison of water supplies against the combined impacts from water
uses and conservation measures. As shown, this graphic assumes that the supply
remains constant between the period when the basin become fully appropriated and
the current overappropriated time period. In this example, both the water uses and
the impacts from conservation measures — which are assumed to have negative
impacts to streamflow in this example — grow between fully appropriated to
overappropriated conditions. The statutory language appears to call for the
determination of the difference in the impacts from conservation measures between
these two points in time, as indicated by the green double-arrow in Figure 1.

M Uses 1 Conservation

Increase from
$ Conservation

Overall Difference
between OA and FA

Increase
in Uses

Water Quantity

=
o
Q
>
)
E
@
=t
=

and Overappropriated Conditions)

(Assumes Constant for Fully Appropriated

Overappropriated

Fully Appropriated

Figure 1: Water Uses, Supplies, and Conservation Impacts
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To illustrate this relationship, we can consider a simplified example of conservation
measures in the basin. Assume that only one single conservation measure is in
place in the basin: Measure A. We can also assume for this simple example that
water uses increased by 20 acre-feet per year between the time at which the basin
became fully appropriated and the current date. If we assume that Measure A was
put into place before the point in time when the basin became fully appropriated, we
can estimate the impact that the measure had on streamflow by considering the
difference in streamflow between base conditions and conditions with Measure A in
place. For example, we might estimate that under base conditions, without Measure
A, we might have seen a streamflow of 100 acre-feet per year, whereas with
Measure A in place, we actually saw only 90 acre-feet per year as of the point in time
when the basin became fully appropriated. As a result, we would estimate that
Measure A had a negative impact to streamflow of approximately 10 acre-feet per
year at the time the basin became fully appropriated.

As the next step, we could estimate the impact to streamflow from Measure A as of
the present time, using the same overall methodology. If estimated streamflow for
the current time period would have been 80 acre-feet per year without Measure A,
and only 65 acre-feet per year with Measure A, we would estimate a current level of
negative impact from Measure A of 15 acre-feet per year.

Finally, we could estimate the change in conservation impacts between the fully
appropriated and current overappropriated periods, which would simply be the
difference between the 10 acre-feet per year and 15 acre-feet per year, which is 5
acre-feet per year of additional negative impacts to streamflow. It's this 5 acre-feet
per year of additional impacts to streamflow that could be used to quantify the portion
of the difference between the current and fully appropriated levels of development
associated with conservation measures, as shown in Figure 1 with the double-arrow
labeled “Increase from Conservation”. Water managers may also be interested in
the overall impact to streamflow of conservation measures as of the current time,
which would in this example be the entire 15 acre-feet per year quantity.

It's important to note that while the example described above would indicate a
negative impact to streamflow, some conservation measures could show a positive
impact. For example, deficit irrigation is a conservation measure that could result in
increases to streamflow as a result of lower levels of ET. It's also possible that these
positive impacts to streamflow could grow over time — including between the time
that the basin became fully appropriated and the present — which could result in a
decrease in negative impacts from those particular conservation measures (note that
the impacts shown in the figure represent negative impacts to streamflow).

In all cases, it will be important to determine the date at which the various
conservation measures were initiated, both for the time period prior to the point of
fully appropriated conditions? and up to the current time. This is similar to the way in

% The year 1984 was assumed to be the date when the basin became Fully Appropriated for purposes of completing
this review.
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which depletions to streamflow are assessed for groundwater wells — the addition of
new wells must be tracked over time, and the level of depletion caused by each well
must also be tracked over the lifetime of pumping and beyond due to the continuing
lag effects.

Literature Review Summary

The project team examined a variety of sources for its literature review, including
publications from the University of Nebraska’'s School of Natural Resources,
handbooks from state and federal resources agencies, relevant textbooks, phone
conversations with representatives of irrigation manufacturing companies, other texts
recommended by the University faculty on our team, and general internet searches.
An attempt was made to find materials that were relevant to conditions throughout
the study area, with an understanding that the geographic extent of the study area
prevents using a “one size fits all” approach in terms of assessing the impacts of
conservation measures. In some cases, literature was found that was specific to a
particular portion of Nebraska. However, in many cases, the literature pertained to
areas entirely outside of Nebraska. Because of these facts, it will be crucial for
future efforts that any technigues for estimating impacts from conservation measures
identified in this literature review be adjusted, or replaced altogether, to ensure
accurate representation of the unique conditions in different portions of the study
area.

The remainder of this section will involve briefly highlighting some of the primary
sources identified in the literature review for the major categories of conservation
measures. A more complete listing of the literature review sources can be found as
a separate tab of the “matrix” spreadsheet. The citations listed in this section apply
to the abbreviated codes used in that listing.

Structural Conservation Measures

1. Conservation terraces — journal articles on conservation terrace system
hydrology were reviewed. Impacts to runoff, recharge and ET were evaluated on
a field scale (L3, L32), small watershed (L20), and basin scale (L21, L32).
Impact estimates from these studies could be applicable to the Platte River
watershed for basins with similar characteristics. Hydrologic models have been
found effective in modeling terrace systems including the Water Erosion
Prediction Project (WEPP) (L2, L20), Root Zone Water Quality Model (RZWQM)
(L2), the Hydrologic Modeling System (HEC-HMS) (L4), and Analytical Surface
Water and Groundwater Modeling (L21). General area and spatial location of
terraced land can be obtained as available from the U.S. Bureau of Reclamation
and USDA-NRCS; however, field locations and characteristics of terraces across
the basin will require surveys and perhaps digitization of terraced fields.

2. Non-jurisdictional/non-permitted small dams — this conservation measure
category includes structures that are not included in Nebraska DNR’s dam
database, and therefore the National Hydrography Dataset from USGS (L24)
would be used as a GIS resource to catalog small impoundments in the basin.
Based on areas of small impoundments, location in the watershed, and other
spatial data (soils, precipitation, etc.), the calculations from L2, L25, and L83
could be applied to quantify impact on streamflow from small dams. Location
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3.

4.

5.

6.

and surface area of typical reservoirs could be determined from digitization of
aerial photographs.

Jurisdictional/permitted dams — for this constructed conservation measure, a
publication (L25) from the Journal of Soil and Water Conservation was reviewed
that quantified groundwater recharge from seepage from flood reservoirs. The
study goal was to determine the potential for increasing groundwater recharge.
Average seepage rates for two reservoirs were measured to be 0.50 and 0.59
inch/day at the Clay and York County sites respectively. These calculations
could be applied on a larger basin scale by considering the specific conditions at
the sites and by utilizing GIS inventories of dams in the basin.

Canal rehabilitation — for this practice, research was conducted with the use of
electrical resistivity to quantify seepage losses in unlined irrigation canals for a
test reach of 100 feet (L11). This technique could be applied on a larger scale to
guantify the impact on streamflow after canal rehabilitation. Nebraska DNR
conducted a demonstration project (L13) with Nebraska irrigation districts to
estimate canal seepage in the Platte Basin. The results of that study could be
applied in this study. Canal seepage estimates can be calculated based on the
findings of the demonstration project. The USDOI-USBR and irrigation districts
often maintain records of the amount of water diverted from streams or
reservoirs, and the average amount of water delivered to farms. These data
provide an overall water conveyance efficiency. The USDOI-USBR also
administers a WaterSMART program (L12) on a national level that includes
reporting on canal seepage and conversion to buried pipeline.

Conversion from open laterals and canals to pipelines — for this measure,
CNPPID has studied (L14) and analyzed the conversion to buried pipeline as an
improved measure of efficiency for water conveyance. These improvements
have an effect on streamflow in regard to impacts to canal return flows and
changes in seepage. CNPPID estimates a reduction in transportation loses (due
to seepage and evaporation) by 45-50% based on their research and study of
irrigation canals in the Central Platte Region.

Irrigation runoff recovery systems or return-flow facilities — this conservation
measure was described in Nebraska as part of a study in the Republican River
basin by the Lower Republican NRD (L48) that successfully used soil moisture
sensors for water conservation of irrigation water. The program provided soll
moisture sensors to farmers to monitor soil moisture in fields with a goal of
reducing irrigation volumes and improving timing and efficiency of irrigation
application.

Non-Structural Conservation Measures

1.

Changes in tillage practices — journal articles focusing on tillage practices were
reviewed (L37, L53) along with University of Nebraska-Lincoln CropWatch
publications (L52, L54) and USDA FSA data and statistics (L45, L46). Steady
ponded infiltration rates from L53 and soil permeability and runoff potential rates
from L54 for different tillage systems could be used to estimate effects at the field
level water balance. Farm Service Agency (FSA) data on the approximate
locations of different practices would require FOIA procedures. The
Conservation Technology Information Center (http://www.ctic.purdue.edu/)
maintains a database of conservation practices and related conservation
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resources including web sites, documents, and research results. These data
usually include county-level estimates of the adoption of various conservation
treatments over time. These data will provide a resource to assess tillage
changes.

2. Changes in irrigation management — for irrigation scheduling, while information
on the general process is fairly easy to find, information relevant to its impact on
recharge, runoff, and ET is not. A 2005 NebGuide (L75) was reviewed which
looks at the use of atmometers to schedule irrigation for crops, including corn
and soybeans. This document, and others like it (L77, L78), present how
scheduling can be accomplished to optimize the fulfillment of ET requirements for
the crop. For deficit irrigation, several sources were found that discuss impacts
to yield and ET for crops in west-central Nebraska, including corn and soybeans
(L76, L79, L80). These studies were focused in the North Platte and Curtis
areas, but provided information on ET responses that could be used elsewhere
as well. The Water Optimizer program was developed to evaluate irrigation
management options for deficit irrigation and provide estimates of the net return
expected from deficit irrigation. Irrigation practices considered for these studies
included center pivot irrigation and subsurface drip. Additional information on
irrigation management was found concerning reductions in irrigation supplies,
which could be used to help determine impacts from conversion of irrigated lands
to dryland crops or rangeland (L84).

3. Improvements in irrigation efficiency — for these practices, the University of
Nebraska has several publications, including NebGuides and Extension
Circulars, which are useful in providing estimates of application efficiencies for a
given practice (L16, L17). These water application efficiencies are generally
given in terms of percentage values, and are defined as “the fraction of the total
volume of water delivered to the farm or field to that which is stored in the root
zone to meet the crop evapotranspiration needs”. While these application
efficiencies do not translate directly to estimates of runoff or recharge, they
provide an estimate for an important component of the water balance at the field
level. For surge irrigation, one study of note was conducted from 1990 to 1993
by researchers at Colorado State (L62), which included estimates of reductions
in deep percolation associated with surge technology. For variable rate irrigation
with center pivots, most of the major irrigation manufacturing companies were
contacted directly by phone to inquire as to estimated impacts, but only limited
information was obtained as a result (L63, L64, L65) — probably due in part to the
relative infancy of this particular technology. The Farm Irrigation Rating Index
(http://www.wcc.nres.usda.gov/ftpref/wntsc/Irrigation/FIRI/FiriMan.pdf) is a
program developed by the USDA-NRCS to evaluate the impacts of irrigation
management changes on the irrigation efficiency. This program can provide a
framework for integration of expected outcomes.

4. Changes in crop rotation pattern/mixes — for conservation measures involving the
conversion of irrigated continuous corn to alternative irrigated crops in rotation
with corn, there is literature that considers the change in ET resulting from the
altered crop rotations (L66 for example). For dryland crops, there is also
documentation on impacts on ET resulting from various crop rotations (L81). For
the four conversion practices involving CRP or CREP lands, journal articles
dealing with Conservation Reserve Program (CRP) lands were reviewed (L59,
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L60, L61). L60 has runoff, recharge, and ET variable mean annual
measurements for lands under crop production and lands under CRP by region.
Farm Service Agency (FSA) data could potentially be used to spatially locate
CRP lands and how they change over time (L45, L36).

5. Changes in crop production intensity — several sources were located that
describe the processes and impacts from changing crop production intensities
(L85, L86, L87, L88, L89). These include looking at higher plant populations,
narrower row spacing, and skip-row planting. The findings in these references
and studies often included descriptions of the impact to ET resulting from these
changes in intensity.

6. Implementation of soil moisture sensors — for soil moisture sensors, a significant
amount of literature is available describing the basic operation and management
techniques concerning the practice (L47, L92). Sensors have been adopted in
some portions of Nebraska, and certain NRDs have provided cost-share
opportunities for producers to help pay for their installation (L48). Specific
information on the level of impacts to recharge, runoff, and ET, however, is more
difficult to locate.

7. Changes in rangeland management — journal articles focusing on rangeland
management impacts were reviewed (L55, L56, L57). These articles list
infiltration rates for different grazing intensities. These infiltration rates can be
used at the field level in water balance calculations. The National Resources
Inventory website (L58) has GIS data on topics ranging from rangeland health to
rangeland locations to soils and plant species. The GIS data may be helpful in
determining rangeland locations relative to streams and may be used in
translating field level impacts to streams.

8. Application of buffers — Journal articles on conservation buffer hydrology were
reviewed. Research has been conducted on the ability to model hydrology and
trapping efficiency of overland runoff with the Vegetative Filter Strips Modelling
System (VFSMOD) (L29, L30). Trapping efficiencies have been estimated on a
field (L29, L31) and small watershed (L5) scale. Impacts to ET from conversion
of cropland in riparian zones to grass and forest buffer have been estimated for
climate regions across Nebraska (L30, L82). Area and spatial location of
conservation buffers can be obtained as available from the USDA-NRCS.

9. Management of phreatophytes/invasive vegetation — a journal article on case
studies in Kansas in the Arkansas and Cimarron River basins was reviewed. In
the article (L90), the White method (White 1932) utilized specific yield of an
alluvial aquifer and the difference in net change of water level in monitoring wells
in areas without vegetation control and areas with vegetation control on a daily
time step to quantify impact of phreatophyte on groundwater ET. An additional
study in the Platte and Republican River basins provided the observed impacts
on invasive species removal on ET (L91). Specifically, a portion of the study
calculated potential water savings from invasive species removal along riparian
corridors using direct observations and an ecosystem/land surface model.

V. Geographic Unigueness
No two parts of the State, or two areas within the study area, are the same, and each
location has its own unique attributes with respect to climate, soil types, tillage
practices, cropping techniques, terrain, groundwater and surface water availability
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VI.

and use, institutional frameworks, and other features. It will be crucial during any
future phase of this effort that this recognition of “geographic uniqueness” be
incorporated into all techniques used to derive estimates of impacts due to
conservation measures. While an attempt was made within the Matrix to
acknowledge this fact, and to include elements that reflect more than one area within
the study area, it is not possible within a simple summary table of this sort to include
all the potential combinations and permutations necessary to represent the full range
of possibilities. However, future estimates will require various techniques that are
tailored for the different regions instead of using a “one size fits all” approach.

These issues of geographic uniqueness will be important not only in making
estimates of the changes to runoff, recharge, and ET on a field-level basis, but also
in terms of how these field-level impacts are translated to impacts to streamflow. As
will be discussed later in this memorandum, this process of translation must consider
the geographic location of where the conservation measures are in place, as well as
the region between those locations and the stream or tributary. The use of GIS
coverages that include geographically indexed parameters would likely greatly
facilitate this process, as would local knowledge and understanding of the particular
region of interest.

As mentioned above, groundwater and surface water resources, in terms of
availability and use, vary across the study area. The source of irrigation supplies is
important in determining the timing and magnitude of any changes due to
conservation measures. These effects are complex, but still require careful
consideration in developing estimates of the impacts from conservation measures.
One example is within the western portion of the study area, where extensive
conversion has taken place from furrow irrigation using surface water to center pivots
using either surface or groundwater. The timing of impacts to streamflow, the
changes to surface water return flows that used to serve as a supply for downstream
irrigators, and potential increases in overall ET resulting from better distribution of
irrigation supplies to the crop, all could have significant impacts to the overall water
balance. As a result, these aspects would also need to be considered in any future
estimates of impacts to streamflow from conservation measures.

Translations of Impacts to the Stream

As has been mentioned elsewhere, the focus of Phase | efforts involved identifying
techniques capable of estimating changes to runoff, recharge, and ET. For the most
part, the calculations, models, and other techniques found to derive estimates for
these factors often only included impact estimates at the field level, and not in terms
of depletions or accretions to a stream. As a result, it will be necessary to develop a
protocol, or set of potential protocols, to translate the field-level impacts into impacts
at the stream. For example, review of a certain conservation measure might suggest
that by implementing the practice at a particular location, 50 acre-feet of additional
recharge would occur at the field-level. Unless the location is directly adjacent to a
stream, it's unlikely that the additional recharge will immediately result in a 50 acre-
feet increase in stream flow.
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A. Recharge — to translate impacts to recharge from the field level to the stream,
some type of protocol is required to simulate the movement of groundwater
between the location of the conservation measure and the stream location of
interest. One potential option would be to use a mathematical model such as
MODFLOW, which is regularly used throughout much of the State. More basic
analytical models, such as the Jenkins Method, could also be used to translate
the recharge impacts to the stream. Another simpler approach could involve
using stream depletion factor (SDF) maps already developed for other purposes
to make rough estimates of impacts to streamflow from recharge changes.

B. Runoff — to translate impacts to runoff from the field level to the stream, a surface
water-based approach would be required to estimate stream impacts. One
possible protocol would be the Soil and Water Assessment Tool (SWAT) model,
which is specifically designed to estimate impacts from changes in land use and
land management practices. Transmission losses are estimated based on
channel geometry and hydraulic conductivity using the method described in
Chapter 19 of the SCS Hydrology Handbook. The Agricultural
Policy/Environmental eXtender (APEX) model is another technique which could
be used to translate local runoff changes to stream impacts. Simpler approaches
could involve applying a range of percentage values, based on professional
judgment and known geographic factors, to estimate what percent of the runoff
change might eventually translate to streamflow changes.

C. Geospatial Accuracy — any protocol for translating impacts from the field-level to
the stream will require some consideration of the location of the conservation
measure. For some conservation measures, there is readily available and highly
accurate geospatial information, such as the location of center pivot systems.

For other conservation measures, little or no geospatial information may exist.
Depending on the level of accuracy required, different approaches could be
taken to estimate the location for the different measures. GPS measurements
could be precisely established through site visits and surveys, although the
logistics of this level of effort could be considerable, and it would still require
some knowledge of approximately where the conservation measures are in
place. In some cases, it may be sufficient to assume a fairly even geospatial
distribution across irrigated lands, and simplified GIS maps of irrigated acres are
available, for certain historical periods, throughout the study area. Additional
geospatial information for conservation measures may be available from the local
NRDs, through DNR, or through University or other sources.

D. Infrastructure Impediments — certain structures such as road embankments, ditch
alignments, railroads, and hydraulic structures, have an impact on the
transmission of surface overland runoff from the location of the local impact to
the respective stream. While these structures have not been defined through this
effort as conservation measures, they could affect the way in which changes to
runoff and recharge are translated from the field-level to the stream. Adjustment
of hydrologic routing parameters such as time of concentration and infiltration
area could be used to evaluate these impediments. Where possible, these
structures could be included in the particular protocol adopted for this translation
work, and used to predict stream impacts.

10
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VII.

VIII.

Description of the Three Methods

Three methods have been identified which include a suite of potential techniques to
estimate impacts to streamflow resulting from all of the listed conservation measures.
These methods (low intensity, medium intensity, and high intensity) are based on the
level of expert opinion and literature review, models, and field measurement used to
develop estimates of streamflow impacts for each conservation measure. A
separate table (Tab 3 — Expertise and Methods) has been developed, which will be
included with this technical memorandum, indicating the technical expertise required
to conduct the evaluation of impacts, the models that could be used for that purpose,
and potential field measurements that could be conducted. A separate table (Tab 4
— Budget and Methods) also includes a range of cost estimates for each
conservation measure based on the level of intensity of each method. Economies of
scale could also come into play into these cost estimates, and some suggestions are
made as to how to reflect those cost savings by applying estimated “cost adjustment
factors”.

In terms of time frames to implement any of the three methods, project durations will
depend on the input of human resources, and any estimates at this stage will be only
general estimates. As a starting point, activities under the “low intensity” could be on
a 6-12 month time frame, medium intensity efforts could be 2-3 years, and high
intensity activities could require 4-6 years.

Conclusions

The information produced through this Phase | document, the Matrix, and the
corresponding supporting documents, should provide a foundation to make future
decisions on which conservation measures to include and potential methods for
developing estimates of impacts to streamflow for any Phase Il efforts. The three
methods presented serve as an initial attempt to categorize the resources and
technigues needed to produce these estimates of streamflow impacts for each of the
conservation measures. The Matrix includes an indication of the estimated overall
magnitude of impacts from each of the conservation measures, the required
resources and budget to conduct investigations to gage these impacts, and the
availability of data associated with each conservation measure.
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Conservation Study

Conservation Measure and Matrix Category Descriptions

Conservation Measure Descriptions

Structural

1. Conservation Terraces — Earthen embankments and channels constructed across a slope at
suitable spacings and with acceptable grades for one or more of the following purposes: to
reduce soil erosion, provide for maximum retention of moisture for crop use, or improve water
quality (L72).

2. Non-jurisdictional/Non-permitted Small Dams — Stream impoundment that is < 15 AF in
storage volume and < 25 feet in height built for soil and water conservation purposes. Permits
from DNR are not required for these structures.

3. Jurisdictional/Permitted Dams — Stream impoundment that is > 15 AF in storage volume and/or
> 25 feet in height built for soil and water conservation purposes. Permits from DNR are
required for these structures.

4. Canal Rehabilitation — Conveyance improvements made to canals that include lining with
impervious materials or chemical treatments and repairs and/or improvements to the
infrastructure of the canal system (automating gates and checks, etc).

5. Conversion from open laterals and canals to pipelines — This practice involves converting open
irrigation laterals and canals to buried pipeline to improve conveyance efficiency.

6. Irrigation runoff recovery systems or return-flow facilities — A system of ditches, pipelines,
pumps and reservoirs to collect and convey surface (tailwater) or subsurface runoff from an
irrigated field for reuse. Sometimes called tailwater reuse facilities or pumpback facilities (L73),
these impoundments are constructed to capture field runoff as a water source for irrigation on
nearby fields.

Non-Structural

1. Changes in Tillage Practices — The adoption of conservation tillage and/or no-till practices. This
practice includes the reduction of non-growing season tillage and residue management.
Conservation tillage is a tillage practice that leaves plant residues on the soil surface for erosion
control and moisture conservation. This is sometimes defined as tillage that leaves at least 30%
residue cover on the surface after the planting operation (L72). No-till is a tillage system in
which the soil is not tilled except during planting when a small slit is made in the soil for seed
and agrochemical placement (L73).

a. Dryland — changes in tillage practices under dryland conditions.
b. Irrigated — changes in tillage practices under irrigated conditions.

2. Changes in Irrigation Management — The adoption of irrigation management strategies to

conserve water:



a. lIrrigation Scheduling - Irrigation scheduling is the process of determining when to
irrigate and how much water to apply, based upon measurement or estimates of soil
moisture or water used by the plant (L73).

b. Deficit Irrigation under Allocations - strategies that allow plant stress, resulting in lower
ET and lower yields, usually as a result of allocation requirements. Irrigation water flow
meters are often used as a tool to employ this practice.

c. Conversion of irrigated land to dryland cropland — as suggested, conversion of irrigated
cropland to dryland conditions.

d. Conversion of irrigated land to rangeland — as suggested, conversion of irrigated
cropland to rangeland. Rangeland conditions could include the use of grazing.

3. Improvements in Irrigation Efficiency — Irrigation efficiency is the ratio of the average depth of
irrigation water that is beneficially used to the average depth of irrigation water applied,
expressed as a percent (L73). Technological advances used to improve irrigation efficiency
include but are not limited to the following:

a. Surge irrigation with furrow irrigation — surge irrigation is an irrigation technique
wherein flow is applied via gated pipe to furrows intermittently, using a programmed
surge valve to alternate flows to either side of the valve during a single irrigation set
(L73), resulting in more uniform water applications from the top to the bottom of the
field. Matrix entries for this conservation measure are relative to base conditions for
conventional gated pipe with furrow irrigation.

b. Variable Rate Irrigation with center pivots — center pivot conversion that enables
variable irrigation application rates to different portions of the field through variable
pivot travel speed and/or through enabling individual sprinklers or groups of sprinklers
to vary application rates during a circle. This is usually done in conjunction with GIS
technology to monitor the pivot’s position in the field. Matrix entries for this
conservation measure are relative to base conditions for conventional center pivot
systems.

c. Conventional gated pipe with furrow irrigation — the use of conventional gated pipe to
deliver water to the field through furrow irrigation. Matrix entries for this conservation
measure are relative to base conditions for open ditch irrigation using siphon tubes or
check structures.

d. Conventional center pivots — standard center pivot systems consisting of a tower, or set
of towers, rotating around a central station via tracked propulsion, delivering water
through sprinklers set along the tower axes. Matrix entries for this conservation
measure are relative to base conditions for conventional gated pipe with furrow
irrigation.

e. Subsurface Drip Irrigation — the use of buried pipes, tubes, or tape to provide irrigation
supplies through below-surface application, directly to the root zone. Matrix entries for
this conservation measure are relative to base conditions for conventional gated pipe
with furrow irrigation.

4. Changes in Crop Rotation Pattern/Mixes — The adoption of crop rotation practices for nutrient
management purposes, soil conservation and reduced water consumption.



a. lIrrigated Crops: lower consumption crops in rotation with corn. Rotation crops might
include soybeans, winter wheat, sugar beets, dry beans, or other crops, depending on
the region.

b. Dryland Crops:

i. Conversion of wheat-fallow rotation to eco-fallow system with corn (or grain
sorghum or millet)-wheat-fallow.

ii. Conversion of cropland to rangeland — as indicated, conversion from cropland
to rangeland that can include grazing.

c. CRP/CREP Conversion:

i. Dryland Cropland to CRP/CREP — The conversion of dryland cropland to CRP
(Conservation Reserve Program) or CREP (Conservation Reserve Enhancement
Program) is a soil management technique used to remove highly erodible lands
and fragile soils from crop production.
ii. Irrigated Cropland to CRP/CREP — Same as above, except for irrigated lands.
Changes in crop production intensity — the adoption of management practices that increase
crop production on less land with better crop hybrids (e.g. higher plant populations, narrower
row spacing, skip row, etc.).

a. Higher plant populations — planting more seeds per unit area.

b. Narrower row spacing — reducing the space between rows.

c. Skip row planting —a practice in which certain rows are not planted to improve yields in
times of water scarcity. Examples include planting one row and skipping the next,
planting two rows and skipping two rows, and planting two rows and skipping one row.

Implementation of soil moisture monitoring program — The adoption of sensors for irrigation
scheduling decisions by monitoring the soil moisture status.

Changes in rangeland management — changes that affect range condition and, as a result, ET
from rangeland, including the adoption of management techniques that more efficiently utilize
available animal forage and reduce overgrazing (e.g cross-fencing, pasture rotation, cedar burns,
etc.).

Application of Buffers — Buffers can include riparian buffers, filter strips, and grassed
waterways. Riparian buffers are streamside plantings of trees, shrubs, and grasses that can
intercept contaminants from both surface water and ground water before they reach a stream
and that help restore damaged streams (L74). Filter strips are strips of grass used to intercept or
trap field sediment, organics, pesticides, and other potential pollutants before they reach a body
of water (L74). Grassed waterways are strips of grass seeded in areas of cropland where water
concentrates or flows off a field. They are primarily used to prevent gully erosion (L74).
Management of Phreatophytes/Invasive Vegetation — This practice involves the management
and removal of phreatophytes and invasive vegetation to reduce evapotranspiration.



Matrix Category Descriptions

Assumed Magnitude of Impact — This category is a preliminary estimate of the overall magnitude of
impacts to streamflow based on expert opinion and literature on a basin-wide scale. Basin-wide impact
in the context of this review includes consideration of the total number of conservation measures
installed across the entire basin, meaning the cumulative effect for each conservation measure, rather
than a comparison of conservation measures on a per acre basis. The impact magnitude will be assigned
as high, medium or low. This impact estimate is based on the difference in streamflow between fully
appropriated conditions (assumed to have occurred in 1984 for these purposes) and current
overappropriated conditions. As a result, the high, medium and low entries provide a very rough
indication of how great this change in streamflow caused by a particular conservation measure
compares to the change in streamflow resulting from the other conservation measures in the basin. In
laypersons terms, the impact estimates are graded on a curve.

Availability of Information

For these three sub-categories, high quality information is readily available (RA), has limited availability
(LA), or not available (NA):

e ET, Overland Runoff, Recharge — Information availability concerning the quantity of flow via the
three categories of hydrologic processes considered in this evaluation: evapotranspiration (ET),
overland runoff, and recharge and irrigation return flow. For example, surge valves for surface
irrigation have been extensively studied with respect to their impacts on recharge and return
flow and overland runoff and therefore we assigned a Readily Available “RA” value for
information availability.

e Spatial — Information availability for the location of the respective conservation practices. For
canal rehabilitation, it is likely that irrigation districts will have detailed spatial information about
location of these practices, and as a result that practice was assigned a Readily Available “RA”
level of spatial information availability in the matrix.

e Implementation Timing — Availability of temporal information on when practices were
historically put in place. For conversion of open laterals or canals to pipe, irrigation districts will
likely have good information about the timing of these improvements, and as a result we
assigned that practice an “RA” value in the matrix.

Is Local Impact Quantified on Annual Basis — This column defines whether local impact to ET, recharge,

and runoff is available on an annual time step. If annual time step is not available then additional work
is needed to determine annual impacts to streamflow. “Y” indicates the annual quantification is
available, and “N” indicates it is not. For example, for surge irrigation, information is available on an
annual time step (“Y”), since the impact only occurs during the irrigation season, which is the same time
that quantified impact information is available.



Conservation Measure/Practice Impact on — For these three categories, information is provided on

whether the conservation measure increases, decreases, or does not change (NC) one of the three
components of the water balance, on an annual basis:

e Overland Runoff
e Recharge
e Net Effecton ET



Conservation Study Tasks 4 and 5
Data Matrix and Three Potential Methods
Conservation Impacts

MATRIX ON QUANTIFICATION OF CONSERVATION IMPACTS TO STREAMFLOW PAGE 1 of 2
Final Draft
23 December 2013 Version Assumed AVAILABILITY OF INFORMATION Is Local Impact Conservation Measure/Practice Impact on
Magnitude ET, Overland Runoff, Implementation Quantified on Overland NET Effect
of Impact & Recharge Spatial Timing Annual Basis Runoff Recharge on ET
Structural (LOW, MED, HIGH) Not Available (NA), Limited Availability (LA), Readily Available (RA) YorN INCREASE, DECREASE, NO CHANGE (NC), NOT APPLICABLE (NA)
1. Conservation terraces LOW + RA LA LA Y DECREASE INCREASE INCREASE
2. Non-jurisdictional/Non-permitted Small Dams LOW + RA LA LA Y DECREASE INCREASE INCREASE
3. Jurisdictional/Permitted Dams LOW + RA RA RA Y DECREASE INCREASE INCREASE
4. Canal rehabilitation LOW - LA LA LA Y NA DECREASE DECREASE
5. Conversion from open laterals and canals to pipelines LOW - LA LA LA Y NA DECREASE DECREASE
6. Irrigation runoff recovery systems or return-flow facilities LOW RA LA LA Y DECREASE INCREASE NC
7. Others
Non-Structural
1. Changes in tillage practices
1.a. Dryland MED to HIGH - RA LA RA Y DECREASE INCREASE INCREASE
1.b. Irrigated LOW + RA LA RA Y DECREASE INCREASE DECREASE
2. Changes in irrigation management
2.a. Irrigation scheduling LOW LA LA LA Y DECREASE DECREASE DECREASE
2.b. Deficit irrigation LOW *see Tab 2 LA LA LA Y NC DECREASE DECREASE
2.c. Conversion of irrigated land to dryland cropland LOW NA NA NA Y DECREASE DECREASE DECREASE
2.d. Conversion of irrigated land to rangeland LOW NA NA NA Y DECREASE DECREASE DECREASE
3. Improvements in irrigation efficiency
3.a. Surge irrigation with furrow irrigation LOW LA LA LA Y DECREASE TO NC DECREASE NC
3.b. Variable Rate Irrigation with center pivots LOW LA LA LA Y DECREASE DECREASE NC TO DECREASE
3.c. Conventional gated pipe with furrow irrigation LOW LA LA LA Y NC DECREASE NC
3.d. Conventional center pivots LOW - *see Tab 2 RA RA RA Y DECREASE DECREASE NC TO DECREASE
3.e. Sub-surface drip irrigation LOW LA LA LA Y DECREASE DECREASE DECREASE
4. Changes in crop rotation pattern/mixes
4.a. Irrigated Crops: lower consumption crops in rotation
with corn MED + RA RA RA Y NC NC DECREASE
4.b. Dryland crops
4.b.i. Conversion of wheat-fallow rotation to eco-fallow syst LOW TO MED - LA LA LA Y DECREASE DECREASE INCREASE
4.b.ii. Conversion of cropland to rangeland LOW - LA LA LA Y DECREASE DECREASE INCREASE
4.c. CRP/CREP conversion
4.c.i. Dryland Cropland to CRP/CREP MED - RA RA-subject to FOIA RA-subject to FOIA Y DECREASE DECREASE INCREASE
4.c.ii. Irrigated Cropland to CRP/CREP LOW TO MED + RA RA-subject to FOIA RA-subject to FOIA Y DECREASE DECREASE DECREASE
5. Changes in crop production intensity
5.a. Higher plant populations LOW - LA LA LA Y NC NC NC
5.b. Narrower row spacing LOW - LA LA LA Y NC NC NC
5.c. Skip row planting LOW + LA LA LA Y NC NC NC
6. Implementation of soil moisture sensors LOW LA LA LA Y DECREASE DECREASE DECREASE
HEAVY TO LIGHT = HEAVY TO LIGHT = HEAVY TO LIGHT =
7. Changes in rangeland management LOW LA LA LA Y DECREASE DECREASE INCREASE
8. Application of Buffers LOW LA LA LA Y DECREASE VARIES VARIES
9. Management of Phreatophytes/Invasive vegetation LOW + LA RA RA Y NC INCREASE DECREASE
10. Others




Structural

A\ssumed Basin-Wide Magnitud|
Of Impact
(Low, Med, High)

Characteristics of Sub-basins
with Significant Impacts

Rationale (Assumes FA conditions reached in 1984. Impact
magnitudes are basin-wide and relative to those from other
conservation measures in the basin.)

1. Conservation terraces

Low +

The base condition for this practice is unterraced dryland fields. Most terraces were
in place before the basin became Fully Appropriated. Surface effects of ET increase
and direct runoff reduction occur over a short period, so the effect of this practice
on direct overland runoff is included in historical values. Seepage from the terrace
channels requires long periods to reach the water table if the vadose zone is thick.
About 15% of the land In the Republican River Basin (actually about 10% when
considering land above the lower terrace) has been treated with conservation
terraces. We expect that the percentage in the Overappropriated study area is less
than the Republican Basin. Thus, some small increases in streamflow could result
relative to the impacts to the stream from the terraces at the time the basin became
Fully Appropriated.

2. Non-jurisdictional/Non-permitted Small Dams

Low +

The base condition for this practice would be land without dams. Most permitted
dams were in place before the basin became Fully Appropriated. Surface effects of
increased ET and storage occur over a short period so the effect is included in the
recorded stream flow data. Seepage from dams requires extended periods to reach
the water table due to transport through the vadose zone; however, dams are
located in stream valleys that would be closer to groundwater than upland areas
such as terrace lands. Thus, some small increases in streamflow could have resulted
since the basin became Fully Appropriated.

3. Jurisdictional/Permitted Dams

Low +

The base condition for this practice would be land without dams. Most permitted
dams were in place before the basin became Fully Appropriated. Surface effects of
increased ET and storage occur over a short period so the effect is included in the
recorded stream flow data. Seepage from dams requires extended periods to reach
the water table due to transport through the vadose zone; however, dams are
located in stream valleys that would be closer groundwater than upland areas such
as terrace lands. Thus, some small increases in streamflow could have resulted since
the basin became Fully Appropriated.

4. Canal rehabilitation

Low -

The base condition for this practice is unlined canals. The impact is considered low
because of the low amount of change since the basin became Fully Appropriated.
The primary impact is reduced seepage and spills with a small reduction of
evaporation from the canal. The ultimate outcome for of lining and piping is
probably delivery of more water to irrigated lands than before, which could result in
a higher consumptive use proportion . The impact is negative because the “water
savings” is thought to be utilized by crop ET.

5. Conversion from open laterals and canals to pipelines

Low -

The base condition for this practice is surface water delivery though an earthen
canal. The primary impact is reduced seepage and spills with a small reduction of
evaporation from the canal. Evapotranspiration from waterlogged areas due to
seepage/spills is consumptive. Seepage from the canal that percolates beyond root
zones of nontarget plants will recharge the groundwater. The ultimate outcome for
of lining and piping is probably delivery of more water to irrigated lands than before,
which could result in a higher consumptive use proportion . Therefore, we believe
that the impact has negatively affected streamflow to a slight degree since the basin
became Fully Appropriated.

6. Irrigation runoff recovery systems or return-flow facilities

Low

The base condition for this practice is surface irrigation, mainly furrow using gated
pipe, without runoff recovery. The impact of runoff recovery is to reduce the
amount of irrigation runoff that leaves the field. The impact on stream flow is low
because few systems have been put in place since the basin became Fully
Appropriated.

7. Others

Non-Structural

1. Changes in tillage practices

1.a. Dryland

MED To HIGH -

The base condition for this practice is a disked tillage system in the east and a
stubble mulch system in the west. Conversion to conservation tillage generally
produces more infiltration and less evaporation from the soil surface if adequate
residue is present. Infiltrated water often results in increased crop yield and
therefore more evapotranspiration (ET) for dryland areas. The reduction of runoff
from the field and increased ET from dryland areas could noticeably reduce
streamflow. Conversion to reduced tillage has occurred since the late 1970s and we
continue to see conversions, so a large portion of the impact likely would have
occurred after the basin became Fully Appropriated. There is also a strong east-west
impact as reductions in ET depend on the frequency of rainfall for dryland fields.
When the interval between wetting events is long the initial ET rate is suppressed,
but if the period is long enough, about the same amount of water may evaporate
from the soil. Dryland cropping is widespread across the basin so we believe that the
practice will have had a noticeable negative impact on streamflow.

1.b. Irrigated

Low +

Our base condition for irrigated cropland is a disked tillage system. Conservation
tillage does not increase crop ET for irrigated land unless the field is deficit irrigated.
The primary impact on irrigated fields would be to reduce evaporation and thus
reduce ET. The impact on irrigated lands is different than for dryland because the
wetting frequency is higher than for dryland crops, there is more crop residue for
some irrigated crops than for dryland, and transpiration rates are not influenced by
the additional residue. Therefore, we expect less of an impact than for dryland but a
positive increase in streamflow due to reduced evaporation and thus reduced ET.

2. Changes in irrigation management

2.a. Scientific Irrigation scheduling

Low

The base condition for this practice non-scientific irrigation scheduling. The impact is
considered low because we believe that the increase in this practice has been
minimal since the basin became Fully Appropriated. The practice should have a
positive impact on streamflow because of fewer irrigation water applications thus
less wetting of the plant leaves and soil. Evaporation should be reduced. But with an
unknown change in adoption since the fully appropriated condition, we rated this as
low.

Low+

The impact can be medium to
high +in sub-basins that have
implemented water allocations
that restrict water withdrawals to
levels that would result in either
deficit irrigation or a change in
crop selection.

The base condition would be the fully irrigated condition, that is, irrigation
application to the level that there is no plant water stress. When plant water stress
occurs, transpiration is reduced. On a basin scale the impact is considered low
because the level of adoption since the basin became Fully Appropriated will be
relatively small but where adopted the impact would be medium to high +.




2.c. Conversion of irrigated land to dryland cropland

The base condition is irrigated cropland. This practice would reduce ET significantly
but the impact is considered low since the conversion to dryland has been minimal
since the basin became fully appropriated.

2.d. Conversion of irrigated land to rangeland

The base condition is irrigated cropland. This practice would reduce ET significantly
but the impact is considered low since the conversion of irrigated cropland to
rangeland would be minimal if any occurred at all since the basin became fully
appropriated.

3. Improvements in irrigation efficiency

There is widespread misunderstanding about the impact of irrigation efficiency on
water balances. The deciding factor is to determine the pathway for the water
affected by conversion to more efficient irrigation methods.

3.a. Surge irrigation with furrow irrigation

Low -

Our base condition here is the conversion from traditional furrow irrigation using
gated pipe. Utilization of surge flow usually provides more rapid advance of water
across the field for water applied. This usually reduces deep percolation at the upper
end of the field and reduces crop water stress if water did not usually reach the
lower end of the field in a timely manner. The reduction of deep percolation is
probably more significant than increased crop water use in most applications. We
feel that the impact is low because there is little land area that utilizes surge flow
irrigation. In addition, if the primary effect is changing deep percolation, then the
\water that percolates is not consumptive and eventually affects recharge.

3.b. Variable Rate Irrigation with center pivots

Low

The base case for Variable Rate Irrigation (VRI) is a traditional center pivot irrigation
system. VRI allows for the application of varying depths across the field in a targeted
manner. There could be various goals in using VRI. One approach could be to reduce
pumping on areas of the field that hold more water than lighter textured soils.
Application depths could also be curtailed on nonproductive areas of the field. When
combined with areas that are deficitly irrigated under water allocation programs the
amount of ET could be increased if water that was not needed in part of the field
resulted in deep percolation at that location and is instead is applied on areas that
usually receive less water and experience more stress. In the latter case, VRI could
increase ET. VRI is new so any impacts are the result of recent developments and
certainly occurred after the basin became Fully Appropriated. VRI will most certainly
reduce leaching of agricultural chemicals, which will positively impact groundwater
quality.

3.c. Conventional gated pipe with furrow irrigation

Low

The base case for this practice is furrow-irrigated land using siphon tubes.
Conversion to gated pipe has generally occurred some time ago so the changes since
the basin became Fully Appropriated are primarily small. The primary impact of
using gated pipe rather than siphon tubes would be the difference in seepage from
on-farm ditches and perhaps some spills. The difference in seepage depends on the
type of ditch used for supply siphon tubes. Concrete-lined ditches would have little
seepage. Earth lined ditches would have more seepage. However, leaky gates for
gated pipe can also contribute to seepage at the head of the field. In some case,
leaks from gates can be as bad as seepage from an earthen ditch. Evaporation from
the open water surface of an open ditch is generally small. Finally, with groundwater
supplies the percolation from the ditch or gated pipe is primarily seepage, which
returns eventually to the aquifer.

3.d. Conventional center pivots

Low -

There could be subbasin
exceptions where irrigation water
distribution before conversion
was so iform that it caused

The base case for this practice is fields furrow irrigated with gated pipe. There has
been a continual conversion from gated pipe to center pivots all across the basin.
Key issues for this practice are the amount of land irrigated with the pivot compared
to the furrow irrigated field, and changes in the adequacy of irrigation on the areas
of the field that may have been under irrigated with furrow irrigation. Runoff from
center pivots should be less than for furrow irrigation. The key is how the runoff is

lower ET and subsequent yield
reductions. In these cases, the
impacts to streamflow could be
greater than the overall basin
estimate.

If the water is recycled to the field through reuse systems then the main
loss of water is seepage in the reuse system and increased
evaporation/evapotranspiration from open water surface and weeds along
conveyance channels. With center pivots some of the water evaporates in the air
and evaporation from the canopy is generally more than the transpiration would
have been. Combined evaporation losses from evaporation in the air, drift losses
and canopy evaporation increases is generally less than ten percent. In our view
there is a small negative impact on streamflow on a basin-wide level since the basin
became Fully Appropriated.

3.e. Sub-surface drip irrigation

Low

The base case for this practice is furrow-irrigated land using gated pipe. The
conversion to SDI has certainly occurred since the basin became Fully Appropriated.
Issues with SDI are similar to that for conventional center pivots. The amount of land
irrigated is probably about the same as for furrowed irrigated land.
Evapotranspiration from SDI can be somewhat less than for furrow irrigation, as the
soil surface remains dry. Losses from SDI are primarily due to deep percolation if the
field is not properly scheduled. Those losses would recharge groundwater aquifers
eventually. Evapotranspiration could increase if the furrow system did not provide
adequate supplies. SDI would dramatically reduce runoff of irrigation water and
perhaps rainfall as well. If crop yields increase due to improved irrigation
distribution, then ET likely increased. The areal extent of SDI is still quite small so we
have rated its impact as low.

4. Changes in crop rotation pattern/mixes

4.a. Irrigated Crops: lower consumption crops in rotation
with corn

Med +

The impact can be medium to
high +in sub-basins that have
implemented water allocations
that restrict water withdrawals to
levels that would result in either
deficit irrigation or a change in
crop selection.

The base condition would be irrigated corn with full-season hybrid selection that
matches the geographic area. The impact of changes in crops with lower ET is often
the result of the shorter growing season for alternative crops. Thus, shorter season
corn hybrids could also be considered in this option. Changes from corn to soybean
in much of the basin could have been significant since the Fully Appropriated
condition.

4.b. Dryland crops

4.b.i. Conversion of wheat-fallow rotation to eco-fallow

Low To Med -

The base condition for this practice would be wheat-fallow rotation with mulch
tillage. The negative impact of this change is due to increased crop ET which is a
result of producing two crops in a three year period versus one crop in two years.
Overall magnitude depends on level of change since the Fully Appropriated
Condition.




4.b.ii. Conversion of cropland to rangeland

Low -

Ihe base condition for this practice would be dryland cropland, either wheat-tallow
or eco-fallow, with mulch tillage. The negative impact of this change is due to
increased rangeland ET associated with the longer growing periods of rangeland and
possibly due to the deeper root zone that is expected for the perennial vegetation.
The deeper root zone results in a larger soil moisture reservoir for storing water for

k ET. Overall i depends on level of change since the Fully

Appropriated Condition but we assume that it is minimal if at all.

4.c. CRP/CREP conversion

4.c.i. Dryland Cropland to CRP/CREP

Med -

The base condition for this practice would be dryland cropland, either wheat-fallow
or eco-fallow, with mulch tillage. The negative impact of this change is due to
increased ET on the CRP/CREP land associated with the longer growing periods of
CRP/CREP land and possibly due to the deeper root zone that is expected for the
perennial vegetation. The deeper root zone results in a larger soil moisture reservoir
for storing water for subsequent ET. Overall magnitude depends on level of change
since the Fully Appropriated Condition and we assume that the adoption has been
significant.

4.c.ii. Irrigated Cropland to CRP/CREP

Low To Med +

The base condition for this practice would be irrigated cropland, mainly corn. The
positive impact of this change is due to reduced ET during periods of moisture stress
on the CRP/CREP land. Overall magnitude depends on level of change since the Fully
Appropriated Condition and we assume that the adoption has been significant.

5. Changes in crop production intensity

5.a. Higher plant populations

Low -

The base condition for this practice is a normal planting density of about 30,000 corn
plants per acre for irrigated land. The primary effect of increasing the density is that
the canopy closes earlier in the season. For most irrigated crops the leaf area index
for previous populations were well above the amount of leaf area that would
produce full ET. Higher populations allow for more ET somewhat earlier in the
season and the canopy may senesce more slowly but not materially. We expect that
this impact will be a small increase in ET but not materially. Impacts on dryland will
be minimal as precipitation generally dictates ET.

5.b. Narrower row spacing

Low -

This practice compares to a traditional row width of about 30 inches. The impact on
planting narrower crop rows allows the canopy to close more quickly and perhaps
last a little longer at the end of the growing season. Narrower rows do not increase
the leaf area index materially. The net effect will be a small increase of ET early and
late in the season, which would deplete streamflow slightly. Impacts on dryland will
be minimal as precipitation generally dictates ET.

5.c. Skip row planting

Low +

The base condition for this practice is planting rows at equal spacing for all rows.
Skip-row involves not planting one row out of a set; i.e. skipping a row. One scheme
skips one row and plants one row (every-other row skipped), a second scheme
involves planting two rows and skipping one row with a three row basic unit.
Skipping a row allows for storage of precipitation over the wider width which
requires more time for the roots of the crop to reach during the season. The
additional storage provides water to allow crops to complete crop development and
increase grain development. In the most arid areas, the impacts will probably be
small as precipitation is the limiting factor and this practice is only altering the time
during the season when the water is used for ET. In wetter years, and in the more
humid areas, there is a chance that some of the stored water in the skipped row will
not be needed for the season. If the skipped row was planted ET would have been
higher. The effect is that ET would be decreased in wetter years when the row is
skipped. This practice has only been adopted since the basin became Fully
Appropriated and is not widely implemented - thus we believe this impact will be
small.

6. Implementation of soil moisture sensors

Low

The base condition for this practice would be irrigated cropland without soil
moisture sensors. Assuming that the sensors are used for scientific irrigation
scheduling we’re assuming that the impact is low because we believe that the
increase in this practice has been minimal since the basin became Fully
Appropriated. The practice should have a positive impact on streamflow because of
fewer irrigation water applications thus less wetting of the plant leaves and soil.
Evaporation should be reduced.

7. Changes in rangeland management

The primary management practice change for rangeland is the management of
grazing duration and intensity. Higher levels of range management generally provide
periods on intense grazing and then regrowth periods. The base practice would be
where animals are free to graze the whole pasture. Enhanced management can have
two effects: (1) taller grass in some portions of the field after intense grazing and (2)
maintenance of different grass mixtures, as periodic grazing does not allow time for
the animals to graze out the desirable grasses with regrowth of less desirable
species. Enhanced management has gained popularity since the time at which the
basin became Fully Appropriated and has become significantly widespread. We
believe that enhanced management would lead to slight increases in ET due to more
regrowth but that the impact would be small. If ranchers planted a different grass
species, the impact could be different.

8. Application of Buffers

The base condition for this practice would be cropland, either irrigated or dryland.
The impact of this change would be due to a change in ET. If changing from irrigated
land to buffers, the impact would be positive since ET would likely go down. The
opposite would occur with dryland cropland. Since the Fully Appropriated
Condition, we assume that the adoption has been low and thus the impact is low.

9. Management of Phreatophytes/Invasive vegetation

Low +

The base condition for this practice would be a riparian zone with native species that
existed up to thirty years ago. Invasive species include salt cedar phragmites, Russian
olive and red cedar trees. Research has shown that removing the invasive species
next to a stream results in the majority of the impact ocurring in the first few years
after clearing. Once invasive species are removed, a mixture of understory species
quickly fill the area where the invasive species were located. The species that we
have observed are the native climax vegetation and thus the potential reduction of
ET from clearing invasive species is smaller than some reports. In addition, the
fraction of the watershed that is affect by riparian species removal is small for the
whole watershed. Thus, we expect the impact to be a small positive impact when
considered over a long period.

10. Others
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---Type of Models Needed ---

Irrigation hydraulics (SRFR, Sirmod,CPNozzle)
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---- Measurement Methods ---
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X |Evapotranspiration (Models that use Penman Monteith)

X lintegrated hydrologic model (MIKE-SHE, Farm Process/MODFLO

> | Matric potential and water content in root zone

x [ > |surface hydrology (SWAT, WEPP, HEC-HMS, MIKE-SHE)

X [> | X |Evapotranspiration (BREB, Eddy Co-variance, Remote Sensing)

X | X | X |X | X I Matric potential and water content in intermediate vadose zone
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Structural 2 258 EF S 6 & 22 S5 5 E_F & E 3 =
1. Conservation terrace X X[ X[ X X X X[ X X[ X|[X X X L2, L3, L4, L5, L10, L18, L19, L20, L21, L22, L23, L32
2. Non-jurisdictional/Non-permitted Small Dams X X| X| X X X| X X X | X X| X L25
3. Jurisdictional/Permitted Dams X X| X| X X X| X X X | X X| X
4. Canal rehabilitation X|X| X[ X[ X X X| X X X | X X L14
5. Conversion from open laterals and canals to pipelines X[ X[ X]| X[ X X | X X| X X X | X X | X L15, L14
6. Irrigation runoff recovery systems or return-flow facilities X X | X X| X X X| X L16, L27
7. Others
Non-Structural
1. Changes in tillage practices (I --> irrigated, R --> Rainfed)
1.a. Dryland X X X[ X X X| X|X|X| X]| X X | X X X| X L37, L45, L46, L52, L53, L54
1.b. Irrigated X X| X X[ X X X| X|X|X| X]| X X | X X X| X L37, L45, L46, L52, L53, L54
2. Changes in irrigation management
2.a. Scientific irrigation scheduling X X[ X X | X X|X|X]| X]| X X | X X X| X X L33, L35, L41, L75, L77, L78
2.b. Deficit irrigation X X X[ X X X|X|X]| X]| X X | X X X X L76, L79, L8O
2.c. Conversion of irrigated land to dryland cropland X X | X X| X X X[X| X[ X]| X X X X X X
2.D. Conversion of irrigated land to rangeland X X | X X| X X X[X| X[ X]| X X X X X| X X
3. Improvements in irrigation efficiency
3.a. Surge irrigation with furrow irrigation X X X X X X X X L17, L41, 142, L43, 162
3.b. Precision irrigation with variable rate center pivot technology X X| X X | X X X X X L63, L64, L65
3.c. Conversion to gated pipe with furrow irrigation X X| X X | X X| X[ X X X X X L16, L27
3.d. Conversion to conventional center pivot systems X X X | X X X| X| X X X X X X L16, L27
3.e. Conversion to sub-surface drip irrigation X X| X X | X X X[ X]| X X X X L16, L27
4. Changes in crop rotation pattern/mixes L66
4.a. Irrigated crops: more lower water consumption crops in rotation
with corn X X X|X X| X X X[X| X[ X[ X X | X X X X
4.b. Dryland crops
4.b.i. Conversion of wheat-fallow rotation to eco-fallow system X X X| X X X[ X|X]|X]| X]| X X X X X[ X X
4.b.ii. Conversion of cropland to rangeland X X X| X X X[ X|X]|X]| X]| X X X X X| X X
4.c. CRP conversion
4.c.i. Dryland Cropland to CRP X X X| X X X[ X[X]X| X[ X X | X X X[ X X L45, L46, L59, L60, L61
4.c.ii. Irrigated Cropland to CRP X X X| X X X[ X[X]X| X[ X X | X X X[ X X L45, L46, L59, L60, L61
5. Changes in crop production intensity
5.a. Higher plant populations X X X| X X X| X[ X|X|X] X X X X X X
5.b. Narrower row spacing X X X[ X X X|X[X]| X]| X X X X X X
5.c. Skip row planting X X X| X X X|X|X]| X]| X X | X X X X
6. Implementation of soil moisture sensors X X| X X X| X[ X[ X|X] X X X X X X
7. Changes in rangeland management X X X| X X X[ X|X]|X|X|[X X X X X| X X L38, L55, L56, L57, L58
8. Application of Buffers X X X[ X X X| X|X|X]| X]| X X[ X | X X X | X| X X L5, L28, L29, L30, L31
9. Management of Phreatophytes/Invasive vegetation X X X| X X X[ X[ X]|X|X|[X X | X X X X | X[ X X
10. Others
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23 December 2013 Version Quality
Low Intensity Medium Intensity High Intensity
Multiplier for Expert dominant Expert + model Expert + Model + Field Evaluation of Multiple Practices - As a starting
Multiplier for Medium and 60% 30% 15% Uncertainty estimate, multiply the sum of costs of all individual
Structural Low Intensity* _High Intensity* $50,000 $300,000 $600,000 Baseline Values** practices by the following cost adjustment factors
1. Conservation terrace 3 4 $150,000 $1,200,000 $2,400,000 Cost Adjustment
2. Non-jurisdictional/Non-permitted Small Dams 2.5 3.5 $125,000 $1,050,000 $2,100,000 No of Practices Factor
3. Jurisdictional/Permitted Dams 2 3 $100,000 $900,000 $1,800,000 1 1.00
4. Canal rehabilitation 2 4 $100,000 $1,200,000 $2,400,000 2 0.66
5. Conversion from open laterals and canals to pipelines 2 4 $100,000 $1,200,000 $2,400,000 3 0.52
6. Irrigation runoff recovery systems or return-flow facilities 2 2 $100,000 $600,000 $1,200,000 4 0.44
7. Others 5 0.38
6 0.34
Non-Structural 7 0.31
1. Changes in tillage practices (I --> irrigated, R --> Rainfed) 8 0.29
1.a. Dryland 3.5 4.5 $175,000 $1,350,000 $2,700,000 9 0.27
1.b. Irrigated 3.5 4.5 $175,000 $1,350,000 $2,700,000 10 0.25
2. Changes in irrigation management >10 0.25
2.a. Scientific irrigation scheduling 2 3 $100,000 $900,000 $1,800,000
2.b. Deficit irrigation 3 4 $150,000 $1,200,000 $2,400,000 Here is an example of how to apply the cost
2.c. Conversion of irrigated land to dryland cropland 5 6 $250,000 $1,800,000 $3,600,000 adjustment factor:
2.D. Conversion of irrigated land to rangeland 5 6 $250,000 $1,800,000 $3,600,000
3. Improvements in irrigation efficiency Consider a project with medium intensity
3.a. Surge irrigation with furrow irrigation 1 2 $50,000 $600,000 $1,200,000 analysis of conservation terraces, canal
3.b. Precision irrigation with variable rate center pivot technology 3 4 $150,000 $1,200,000 $2,400,000 rehabilitation, and augmentation. The
3.c. Conversion to gated pipe with furrow irrigation 1 2 $50,000 $600,000 $1,200,000 associated single practice costs are $1.2 M, $1.2
3.d. Conversion to conventional center pivot systems 2 3 $100,000 $900,000 $1,800,000 M, and $1.8 M. If the projects were completed
3.e. Conversion to sub-surface drip irrigation 2 4 $100,000 $1,200,000 $2,400,000 individually, the cost total would be $4.2 M. But
4. Changes in crop rotation pattern/mixes if aI_I three projects were pooled into one
4.a. Irrigated crops: more lower water consumption crops in rotation with corn 4 5 $200,000 $1,500,000 $3,000,000 project, the total CO.St would be $4'2. M X 0.52=
$2.2 M. The cost adjustment factor in this case
4.b. Dryland crops in 0.52, the factor for three practices.
4.b.i. Conversion of wheat-fallow rotation to eco-fallow system 4 5 $200,000 $1,500,000 $3,000,000
4.b.ii. Conversion of cropland to rangeland 4 5 $200,000 $1,500,000 $3,000,000
4.c. CRP conversion
4.c.i. Dryland Cropland to CRP 4 5 $200,000 $1,500,000 $3,000,000
4.c.ii. Irrigated Cropland to CRP 4 5 $200,000 $1,500,000 $3,000,000
5. Changes in crop production intensity
5.a. Higher plant populations 2 3 $100,000 $900,000 $1,800,000
5.b. Narrower row spacing 2 3 $100,000 $900,000 $1,800,000
5.c. Skip row planting 2 3 $100,000 $900,000 $1,800,000
6. Implementation of soil moisture sensors 2 3 $100,000 $900,000 $1,800,000
7. Changes in rangeland management 4 5 $200,000 $1,500,000 $3,000,000
8. Application of Buffers 4 5 $200,000 $1,500,000 $3,000,000
9. Management of Phreatophytes/Invasive vegetation 5 6 $250,000 $1,800,000 $3,600,000
10. Others

Activities associated with low intensity are dominated by the use of expert opinion and the published literature with the assistance of some modeling and little if any field measurement
Activities associated with medium intensity are dominated by the use of expert opinion, the literature, and a strong emphasis on modeling and a small amount of field measurement if needed
Activities associated with high intensity are dominated by the blend of expert opinion, the literature, extensive use of models and a significant amount of field measurement

* The multiplier accounts for system complexity and what is already known

**Baseline values are relative values and are used in conjunction with the multipliers to determine the estimated budget
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Variable Rate Irrgation (VRI)

Variable Rate Irrgation

Concept to
Commercialization

Calin D. Perry and Andrea W. Milton
(University of Georgial

2007

/scasc/Proceedings/2007/orals/Perry.p
o

tice, focused
Southeast Us

Southeast US.

Nospecific time
period

No quantifiable technigues mentioned - just a
reference document.

186

Crop Rotations

Crop Rotations with Full
and Limited Irrigation
and Dryland
Management

Lp. Schneckioth, N.L. Klocke, G.W.
Hergert, D.L. Martin, RIT. Clark

1991

brary/get

Changes in ET - Yield relationships through

DLFE-8307.p0f

otation,

West-Central Nebraska

Mainly 1986-1989

157

Road Effects on Hydrology.

Effects of Roads on
drology,
‘Geomorphology, and
Disturbance Patches in
Stream Networks

1A Jones, F.L. Swanson, B.C. Wemple:
andK. U, Sayder

Sep-99

Article outlines view of how road networks
ks at

nurd35/pdf files/jones_etal 2000.pdf

processes in streams and riparian systems

Oregon forests

168

Ecological Effects of Roads

Roads and Their Major
Ecological Effects

RITT. Forman and LE. Alexander

1908

hitp://pracownia.org pl/plki/roads_and
their_major_ecological effects.pdf

169

Alteration of
Streamflow
Characteristics
Following Road
Construction in North
Central ldaho

1.G. King and LC. Tennyson

k10

in watershed

enticated-false

70

TIGER/Line Shapefiles and

Shape files for roads

US. Census Bureau

2006-current,
2000.1992

hito://www census gov/geo/maps-

Shapefiles of roads

Statewide

2006-current, 2000,

n

Nebraska Counties and Nebraska

Obtain by County or from NOOR

Roads maps available statewide at state and/or
county level

state or county

Terraces

Design, layout,

management of terrace
svstems

Biolgical Engineers

Jan12

redir=8redirType=

AsaBE

3

Soil and Water

Soil and water
terminology

Biolgical Engineers

Sep07

~ASABE Standard

s

Buffers

Buffers, common-sense.

U, Department of Agriculture

1997

Program Aid 1615

s

Irrigation Scheduling.

Using Modified
Atmometers for
Irrigation Management

Suat irmak, Jose O. Payero, and Derrel L.
Martin

0ctos.

UNL NebGuide G1579

Deficit Irigation

Effect of timing of 2
deficitirrgation
allocation on corn
evapotranspiration,
yield, water use
efficiency and dry mass

1.0, Payero, D.D. Tarkalson, S. Irmak, D.
Davison, 1. Petersen

ontent.cgi?article=1051&context=biosys
engfacout

Agricultural Water Management 96 (2009) 1387
97

Study done in North
Platte, NE

Measurements taken
20052006

Irrigation Scheduling.

Irrigation Scheduling:
Checkbaok Method

Steven R. Melvin, C.Dean Yonts

htto://ianrpubs unl.edulive/ec709/bulld
/ec709.ocff

UNL Extension Circular

Irrigation Scheduling.

Irrigation Scheduling,
Using Crop Water Use
Data

. Dean Yonts, Norman L. Kiocke

onhist

UNL

DeficitIrigation

Vield Response of Corn
to Deficit Irigation in a
Semiarid Climate

Jose 0. P "
Irmak, David Tarkalson

R Melvin, Suat

ontent.cgi?article=10508context=biosys
engfacout

(july 16,
2006), pp. 101-112

150

Response of Soybean to
Deficit Irigation in the

library/g|

of WestCentral
Nebraska

odf

Transactions of the ASAE, Vol. 48(6): 2189-2203

81

Crop Rotations

Evaluating decision
rules for dryland
otation crop selection

David C. Nielsen

2011

ontent.csi?article=18728context-usdaar
sfacoud

Field Crops Research 120(2011) 254-261

182

Buffers

Consumptive Use
Calculator. Evapo-
Transpiration
Calculations for Cover
Types in a Non-Stressed
Enviorment

USDANRCS

2009

Documentation for a spreadsheet analysis of
monthly ET estimates for crop and riparian

P_NE_DepletionPlan htm

Ulows for computation
comparison across 8 regions along the Platte.
River Watershed on various soil types.

Regional

Monthly/ Annual

Calcuates monthly €T estimates for buffer and
ropland covers.

183

small Dams

Modeling Small
Reservoirs in the Great
Plains to Estimate.
Overflow and Ground-
Water Rehcarge

Ravikumar 8. Choodegowda

2009

Developed models to estimate reservoir
overflow, gross seepage, and groundwater
recharge to evaluate the aggregate effect of
smal dams i the Republican River 8asin. The
models utilize POTYLOR for inflow and reservoir
water bal

Republican River 8asin

Monthly/ Annual

streamflow by 74 to 97%. 900 95% of reta

Researchers found that these reserverors reduce
ined

streamflow contributed ground-water recharge.

River Basin.

Model and or estimates could be applied to Platte.

L8

Irrigation Management

Fild Scale Limited
Irrigation Scenarios for
Water policy Strategies

N.L Klocke, J.P. Schneekioth, s. R
Melvin, R.T. Clark, J. 0. Payero

hitp://panhandle.unl.edu/c/document i
brary/get file?folderld=490416&name=
DLFE-8309 pdf

Applied Engineering in Agriculture 20(5): 623-
631

s

Crop Production Intensity

Recommended Seeding.

Nebraska

Robert N. Klein, Drew J. Lyon

Jun11

build/£2068 pof

156

Crop Production Intensity

Skip-Row Planting
Patterns Stabilize Corn
Grain Yields in the.
Central Great Plains

Drew . Lyon, etal

Feb09

ta/oubjem/research/2009/skip/

187

Crop Production Intensity

Skip-Row Planting and
Irrigation of Graded

2.T. Musick, D, A. Dusek

1982

o

/pF

Transactions of the ASAE Vol. 25, No. 1, pp. 82-

L8

Crop Production Intensity

Grain sorghum water
use with skip-row
configuration in the
Central Great Plains of
the Usa

wasi A. Abunyewa, Richard 8.

Ferguson, Charles 5. Wortmann, Drew ).

Lyon, Stephen C. Mason, Suat Irmak, and|
Robert N. Klein

oct11

huy
bran

agronomy.unl edu/c/document i
et file?p | id-4128278&folderld

Afican Journal of Agricultural Research Vol
6(23), pp. 53285338, 19 October 2011

189

Crop Production Intensity

The effect of row

non-rrigated
photoperiod-sensitive

John L. Snider, Randy L. Raper, and Eric

Jan-12

ontent.cgi?article=18818context-usdaar
sfacoub

Publications from USDA-ARS/UNL Faculty. Paper

190

Phreatophytes/invasive
Vegetation

‘AField Assessmentof a
Method for Estimation

Consumption By
Phreatophytes

1. Butler, G.J. Klutenberg, D.0.
‘Whittemore

KGS and KSU Study researched magnitude of
phreatophyte impact to stream-aquifer systems
in Kansas. Equation to calculate ET consumption

o treatment.

Arkansas and Cimarron
River basins in Kansas

Data collected 2003-

Lo1

Phreatophytes/invasive
Vegetation

Riparian Vegetation
Impacts on Water
Quantity, Quality, and
Stream Ecology

D.Scott, E. Istanbulluogly, J. Lenters,
and Kyle Herman

2012
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