MINUTES OF THE JANUARY 14, 2014
BOARD OF DIRECTORS MEETING OF
NORTH PLAINS GROUNDWATER CONSERVATION DISTRICT

The Board of Directors of North Plains Groundwater Conservation District met in regular
session January 14, 2014, at 9:30 a.m. in the Conference Room of the Hampton Inn, 2010
South Dumas Avenue, Dumas, Texas 79029. The following persons were present:

Members Present:

Gene Bomn; President
Daniel L. Krienke, Director;
Brian Bezner, Director;
Harold Grall, Director;

Bob Zimmer, Secretary;
Justin Crownover, Director; and,
Phil Haaland, Director.

Staff Present during part or all of the meeting:

Steve Walthour, General Manager;
Dale Hallmark, Assistant General Manager and Hydrologist;

Rebekah Purl, Public Relations Assistant;
Kristen Alwan, Executive Assistant; and,

Paul Sigle, Agricultural Engineer.
Others present during part or all of the meeting:

Marty Jones, Esq.;
Sabrina Leven;
Scott Clawson;

Coy Barton;
C.C. Sysombath;

Dee Vaughan;
Zachary Yoder;
Steven Yoder;

Mark Howard;
Ashley Handy;

Dr. Steve Amosson,;
Haley Rader, Attorney; and,
Ellen Orr, Paralegal.

President Born declared a quorum present and called the meeting to order at 9:34 a.m.

Director Bob Zimmer gave the invocation and President Born dispensed with the pledge
because no flag was located in the meeting room.

President Born asked if there were persons present who desired to make public comment.
No public comment was made.

Bob Zimmer moved to remove Agenda item 2b, the review and approval of District
expenditures for November 1, 2013 through December 31, 2013, from the Consent
Agenda. Danny Krienke seconded the motion and the motion passed unanimously.

Harold Grail moved to approve the remaining items on the Consent Agenda consisting of
the review and approval of Minutes of the Board Meeting of November 12, 2013; the
review and approval of the Minutes of the Special Board Meeting of November 20, 2013;
and the review and approval of the Minutes of the holiday Board meeting of December

1

0171972014



14, 2013; the approval of payment of professional services and out-of-pocket expenses to
Lemon, Shearer, Phillips & Good, P.C. in the amount of $20,918.30 for November 1,
2013, through December 31, 2013; and the approval of the 2013 tax rolls for Sherman
County, Texas. Danny Krienke seconded the motion and it was unanimously approved
by the Board.

Dr. Amosson presented a report to the Board attached hereto as Exhibit “A” and
incorporated herein for all purposes entitled Evaluation of Changing Land Use and
Potential Water Conservation Strategies.

The study concludes that in the present economic environment, incentives exist for
landowners to either convert existing dryland acres or break out rangeland for irrigated
purposes. Another conclusion from the analysis is that Dallam and Hartley Counties
cannot sustain further increases in irrigated acreage. In fact, either a decrease in irrigated
acreage or a lower application of irrigation water per acre must occur in order for these
counties to meet their target DFC. However, the eastern counties of the district
could actually increase irrigated acreage substantially and still be able to meet their
DFC. Increasing irrigated acreage in these counties could be one way to offset some of
the economic losses that will occur in the western counties as the aquifer declines.
Further research should be conducted to determine the feasibility as well as the costs
and benefits associated with any increases in irrigated acreage in these counties.

Ellen Orr, Paralegal, gave a report to the Board on the May 10, 2014 election timetable.
Ms. Orr gave all Board members an election calendar for the May 10, 2014 election. Ms.
Orr stated that the first day to file for a place on the ballot for Precincts 1-4 is January 29,
2014; the last day to file for a place on the ballot is February 28, 2014; the last day to file
a declaration of write-in candidacy is 5:00 p.m. on February 28, 2014; and the last day to
order the election is also February 28, 2014. Ms. Orr stated that the District should order
its election at its regularly scheduled Board meeting in February.

Barton, Brandon and Company completed its auditing services and preparation of the
North Plains Groundwater Conservation District Annual Financial Report for the year
ended September 30, 2013. Coy Barton representing Barton, Brandon and Company
provided a summary report to the Board of the September 30, 2013 audit report.

Bob Zimmer moved the Board approve the North Plains Groundwater Conservation
District Annual Financial Report for the year ended September 30, 2013. Brian Bezner
seconded the motion and it was unanimously approved by the Board.

Barton, Brandon and Company has submitted one invoice for auditing services and
preparation of the North Plains Groundwater Conservation District Annual Financial
Report for the year ended September 30, 2013 totaling $21,950.00. The general manager
reviewed the invoice for the District’s audit for the year ended September 30, 2013,
preparation of financial statements, and SAS fraud requirements. The general manager
stated that the invoice is consistent with the services Barton, Brandon and Company has
performed for the District audit.

Danny Krienke moved that the Board approve payment to Barton, Brandon and Company
in the amount of $21,950.00 for auditing services and preparation of the North Plains
Groundwater Conservation District Annual Financial Report for the year ended

September 30, 2013. Phil Haaland seconded the motion and it was unanimously
approved by the Board.

Barton, Brandon and Company has submitted a letter confirming their understanding of
the audit and non-audit services which the District has engaged them to perform in 2014.
The letter outlines the following requirements to be fulfilled by the Barton, et al, agency:

. Coy Barton will be the partner in charge of all work performed by Barton,
Brandon and Company.
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J Barton, Brandon and Company will report on the audit of basic financial
statements.

J Barton, Brandon and Company will perform additional procedures enabling
them to issue a second report in which they will test and report on the
district’s internal controls over financial reporting and the district’s
compliance with laws and regulations and other matters as required by
Government Auditing Standards.

In addition, the letter outlines the responsibilities of the North Plains Groundwater
Conservation District’s management in the auditing process for 2014.

Bob Zimmer moved that the Board approve the letter of engagement for Audit and Non-
Audit Services to be performed by Barton, Brandon and Company for 2013-2014. Justin
Crownover seconded the motion and it was unanimously approved by the Board.

The General Manager requested that the Board table Action Agenda item 3e, Consider
approval regarding Palo Duro Wind Energy, LLC request for a tax abatement for a
proposed wind farm to be located in Ochiltree and Hansford Counties, Texas, because the
General Manager has not received documentation from Palo Duro Wind Energy, LLC to
evidence the approval of the same by Ochiltree and Hansford Counties. General Counsel
for the District reported that the District might want to consider adopting its own

guidelines and criteria for tax abatements. By consensus, the Board tabled Action
Agenda item 3e.

The Schedule of Well Permits set forth below was presented to the Board for its review.
Phil Haaland moved to remove DA-5176 from the Schedule of Well Permits and to
approve the remainder of the Schedule of Well Permits because the Wells are properly
equipped and otherwise comply with District Rules. Brian Bezner seconded the motion
and it was unanimously approved by the Board.

Meter Yards | Yards
County Owner wen | Losation | ¢ |max| atr Sec Blk Sur NS | Ew
Dalhart Mennonite
Dallam Evangelistic Church DA-4736| Well A | 24 | NE 27 48 H&TC 103N | 146E
Dallam Brian Bezner DA-5176| Well C |800|sSw 72 5 CSS 331S | 850W
Dallam Curtis Groen DA-5599 | Well C |800| NE 25 48 H&TC 109S | 104E
Dallam Winings Family Ltd. DA-5837 | Well C |800[SwW 55 1 B&B 332S | 332W
Dallam Winings Family Ltd. DA-5838( well C | 800 SW 48 1 B&B 408S | 158W
Dallam Pleyer Faims DA-5845| Waell C | 800 SW 363 1-T T&NO 855S | 244W
Don McLain Family Ltd
Hansford Partnership HN-5666| Pivot | D |1800| NW 9 1 CIF 11N 52@
Don McLain Family Ltd
Hansford Partnership HN-5667 | Pivot [ D [1800] NW 9 1 CIF 622N | 55W
Hutchinson | Michael Douglas Johnson | HU-5710| Well D |[1800| SE 4 1 BBB&C | 288S | 413E
Hutchinson Michael McCloy HU-5850| Well D |1800| SE 0 0 JJ Hall 817S | 335E
Hutchinson Michael McCloy HU-5851 | Wwell D [1800| NE 0 6 WM Heath | 360N | 626E
Moore 2J Trusts 2005 MO-5708| Well D |1800] NW 285 44 H&TC 103N | 103W
Sherman Wendell Stacy SH-5705| Well C | 800 | NW 282 1-T T&NO 788N | 814W
Sheman McBryde Farm Ltd SH-6610| Well B | 400 | NE 223 1-T T&NO 682N | 832E

Phil Haaland moved to approve Well Permit DA-5176 because the Well is properly
equipped and otherwise complies with District Rules. Harold Grall seconded the motion
and the motion passed by the majority vote of the Board with Brian Bezner abstaining
from the vote.

In September, the Board directed the General Manager and the District’s general counsel
to work on a process that the District could use to ensure protection and preservation of
its groundwater resource quality related to disposal wells. After review of the option to
enter into an agreement with each saltwater disposal company through the protest
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process, the General Manager recommended that the Board consider a base line water
quality sampling program for Wells surrounding a proposed saltwater disposal site. The
program could target domestic water Wells for which the District would either pay for the
sampling, or split the cost with the domestic Well owner for the sampling. Once the base
line is established for a Well, then that information can be used to check against future
contamination as needed. The General Manager was directed to prepare a proposal for
review by the Board at its February Board meeting.

The Board reviewed the January 6, 2014 draft of the proposed Rules.

The Board had a lengthy discussion regarding proposed Rules 2.3.1., 2.3.2. and 2.13.
Danny Krienke stated that the past Rules tried to get to the point where if a Well Permit is
administratively correct, you have a legal Well. However, in the January 6, 2014 draft, it
appears that this is not the case until the Board finally approves the Well Permit. Mr.
Krienke stated that he desired for the General Manager to approve the Well Permit if it
was administratively correct, but wanted final approval of the Well Permit to be by the
Board.

Bob Zimmer stated that the foregoing procedure permitted anyone on a County
Committee to voice resistance to anyone desiring to drill a Well.

It was finally determined that the proposed Rule draft should be revised in 2.3.1, 2.3.2
and 2.13 to provide for the General Manager to approve a Well Permit if it was
administratively correct, but that the Board shall have final compliance review of the
Well Permit after a site inspection has been completed by District personnel.

The Board recessed at 11:35 a.m. and reconvened at 11:45 a.m.

Bob Zimmer inquired whether the Property Owner of an S Well could grant an easement
within his own Property. Steve Walthour responded that the Property Owner could do so.

Gene Born stated that he was concerned with the requirements of a meter, chemigation
valve, an inspection port, drain and air relief for a 2-inch Well. The General Manager
recommended that these issues be discussed when the Board reviewed Chapter 4.

Proposed Rule 4.5 was discussed and its application to small Wells. Mr. Walthour stated
that for a 2-inch Well, or less, that an inspection port, low-pressure drain; and air-relief
may not be necessary. It was also discussed that the heading of 4.5 is “Check Valve
Specifications” and that the components in the sub-paragraphs deal with a vacuum-relief
device; an automatic low-pressure drain; and the inspection port for the check valve, and
these components probably need to be moved, or the title of Rule 4.5 should be modified
appropriately.

The Board discussed Chapter 5. A proposed 5.1.4.B was presented to the Board which
stated: For Groundwater Production Units that are acres or less and are not
contiguous with other Groundwater Production Units that are under common ownership

the owner may install a meter at a central collection point(s) to measure all water on the
Groundwater Production Unit.

Mr. Walthour recommended that the Board not consider going above 1600 acres ii

considering 5.1.4.B. Harold Grall stated that he would like to have more than 1600 acres
be considered by the Board.

Danny Krienke stated that he would consider 640 acres, but if he hears any issue as to

fairness from the public during Stakeholder’s Meetings, he would not support the

proposed Rule 5.1.4.B. Mr. Krienke also stated that he doesn’t that the District needs a

pooling unit, it just needs the size of the tract. Mr. Krienke said that with a 1600 acre

Pooling Unit presently, that you could produce six acre feet of groundwater off of 400
4
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acres and Harold is asking us to make it larger, or in other words, worse? Mr. Krienke
stated that he believes that the District should only permit a maximum of one and one-
half acre feet per acre be produced from any Well regardless of tract size.

Bob Zimmer stated the he could not support a 1600 acre maximum for proposed Rule

5.1.4.B. Brian Bezner stated that he could only support a maximum of 80 acres for
proposed Rule 5.1.4.B.

The Board decided to drop 5.1.4.B from the proposed Rules and bring it back at a later
time.

Proposed Rule 7.5 was discussed. The Board decided that the proposed Rule should be
re-drafted to permit one Well per 80 acres with a two or two and one-half acre feet
maximum for any Well. The General Manager stated that he would analyze this and
prepare language for the Board’s consideration.

Haley Rader discussed Chapter 11 (proposed procedural Rules) with the Board. Ms.
Rader stated that there were several editorial changes to Chapter 11, but the substantive
changes were in proposed Rule 11.3.6F which permits an applicant, protestant, or other
party to a contested case, to request that the State Office of Administrative Hearings
conduct the hearing and to pay all costs associated with such hearing, and to deposit with
the District, prior to the hearing, an amount sufficient to pay the contract amount to
SOAH. Ms. Rader also stated that proposed Rule 11.2.2 has been revised to only require
one original document be filed with the District. Ms. Rader stated that proposed Rule
10.2 will permit the District to recoup the publication and court reporter costs from the
applicant which are incurred by the District as a result of an applicant filing a Request for
Exception to the Rules.

The General Manager and Paul Sigle presented a report to the Board regarding the
District’s  200-12 Demonstration Program, Texas Agrilife Extension Epic
Demonstrations, High Plains Initiative and Outreach Activities. = The following
information was presented to the Board:

200-12

District staff and consultant are collecting yield data from producers and are working
on the yearly report for the 200-12. The yearly report is expected to be presented to the
board at the February board meeting.

EPIC

The Extension Agents are currently collecting data and working on the report for
their demonstration site. When the agents finish their reports, each report will be
combined into the final yearly report.

Conservation Innovation Grant

The ninth request for reimbursement for the CIG is due at the end of January and the staff
will be working on the request in the coming weeks. In November 2013, the southern
part of the High Plains Initiative received a $5,000 contribution from Netafim. The
contribution is earmarked for radio advertising, purchase/rental of equipment and/or
producer payments. The following table shows the updated budget for the CIG.

Percent Percent Percent
Cost | Remaining Cost Remaining Cost Remaining

a. |Personnel S S 100.00% S 100.00%
b. |Fringe Benefits S S 100.00% S 100.00%
c. |Travel S S 140.12 98.76% S 140.12 98.76%
d. |Equipment S : S . S
e. |Supplies S 76,339.96 29.18% |S 48,274.22 56.11% |$124,614.18 42.78%
f. |Contractual S S 30,833.33 53.28% $30,833.33 53.28%
g. |Construction S $ $
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h. |Other $ 81,20000, 39.72% |$ 8333.33] 66.67% | $89,533.33| 46.93%
i. |Total Direct Cost $157,53996| 35.03% |$ 8758100 61.72% |$245,12096| 47.99%
j. |Indirect Costs (15%) $ $ 13,137.15 $13,137.15

k. |Total $157,539.96| 35.03% [$100,71815| 61.72% |$258,258.11| 48.92%

TWDB Grant

The final financial report for the Texas Water Development Board grant was
filed on December 5, 2013. The table below shows the total amount used for the grant.
Contract No. 1103581252

Contractor North Plains Groundwater Conservation

District Payment 9

Overall Contractor Previous Total

TASK Budget Total Expenses Total Expenses Balance Percent
Budget This Period  Expenses Incurred Remaining Remaining

Task 1 Site Selection, Equipment Acquisition, & Installatio $  138,470.28 $ - $138470.28 §$138,470.28 $ - 0%

Task 2 Application of irrigation conservation mgmt. $ 23535134 $ 1306080 $228374.94 $24143574 $  (6,084.40) -3%

tech. & practices, monitoring, & data collection

Task 3 Public field days $ 6,893.39 $ - $ 689339 $ 689339 $ - 0%

Task 4 Data analysis and review $ 1975659 $ - $ 1975659 $ 1975659 $ = 0%

Task 5 Administration and Reporting $ 23,04840 - $23,04840 $ 2304840 $ - 0%

Task 6 $ - $ - $ B $ = $ =

Task 7 $ - $ - $ - $ J $ -

Task 8 $ - $ - $ . $ - $ 3

Overall Contractor Previous Total
EXPENSE Budget Total Expenses Total Expenses Balance Percent

Task 9 $ - $ - $ - $ - $ -

Task 10 $ - $ - $ - $ - $ -

Task 11 $ S - $ - $ - $ -

Total $ 42352000 $ 1306080 $41654360 $429604.40 $ (6,084.40) -1%

Salaries & Wages $ 6059088 § 7,778.52 $67,494.02 $ 7527254%  (14,681.66) -24%

Fringe $ 1363254 § 173228 $ 1516987 $ 1690215%  (3.269.61) -24%

Travel 4700 miles $ 19,050.00 g - $ 1933680 % 1933680§% (286.80) 2%

Other Expenses $ 32,000.00 g - $35641.04 $ 35641.04$  (3641.04) 1%

Subcontractor Services $ 148,00000 § 3,550.00 $129098.53 §$132,648.53 §  15,351.47 10%

Tech/Computer $ 150,246.58 ¢ - $149,803.34 $149,803.34 § 443.24 0%

Total $ 423,520.00 $ 1306080 $416,543.60 $ 429,604.40 $ (6,084.40) -1%

Subcontractor Services Previous Total

EXPENSE Budget Total Expenses Total Expenses Balance Percent
Budget This Period Expenses Incurred Remaining Remaining

Salaries & Wages $ 146,51247| % 3,550.00 | $124,845.00 | $ 128,395.00 | $ 18,117.47 12%

Travel $ 1,48753( ¢ - |$ 425383[8 4253538  (2.766.00) -186%
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Total $148,000.00 $ 3,550.00 $129,098.53$ 13264853 $ 15,351.47 10%
$571,520.00
——

Outreach Activities

January 13 - Pioneer Crop Production Clinic, Dalhart
January 14 - Pioneer Crop Production Clinic, Dumas
January 15 — Pioneer Crop Production Clinic, Stratford
January 16 - Pioneer Crop Production Clinic, Spearman

January 16 — High Plains Irrigation Conference, Amarillo

January 28 — Colorado Farm Conference - Greely

February 12 - Panhandle and Southern High Plains
Water Conservation Symposium, Amarillo

On November 7, GMA-1 Joint Planning Committee amended its bylaws to incorporate
changes in the law by the legislature. The committee also reviewed the timeline
developed by Bill Mullican related to establishing Desired Future Conditions for GMA#1
that meet all guidelines and regulations including:

. Processes and roles in going through DFC consideration and adoption;

. Each GCD in GMA #1 will provide a status report on processes to amend
management plans and rules necessary to achieve the various adopted
Desired Future Conditions;

. Desired Future Condition of the Ogallala aquifer in the GMA#1 Planning
Area;

o Desired Future Condition of other aquifers in the GMA#1 Planning Area;
and

. Action relating to future planning and meeting schedules.

The Joint Planning Committee set a schedule to meet and address each of the issues that
Mullican addressed in his timeline.

On December 11th, the district managers met to plan the DFC joint planning process.
During the meeting the managers went through each of the nine items in Texas Water
Code section 36.108D that the Joint Planning Committee will need to address. After the
meeting, the District’s General Manager created a matrix to analyze these items and
distributed the template to each of the districts. Based on the analysis, most, if not all of
the information that North Plains GCD should supply for joint planning purposes is
already developed. After distributing the template, District staff reviewed the last
regional water plan. The regional water plan can greatly assist the Joint Planning
Committee.

The General Manager requested that the Board authorize the General Manager and
District staff to take the technical lead as necessary regarding the GMA-1 joint planning
process under the direction of the District’s Joint Planning Committee member as is
necessary to promote the joint process.

Brian Bezner moved that the Board authorize the General Manager and District staff to
take the technical lead as necessary regarding the GMA-1 joint planning process under
the direction of the District’s Joint Planning Committee member as is necessary to
promote the joint process. Justin Crownover seconded the motion and it was
unanimously approved by the Board.
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On November 6™, Simone Kiel of Freeze and Nichols met at the District with the GMA-1
representative to the Regional Water Planning Group, District staff and to discuss the
regional planning process. On November 7" the Regional Water Planning Group met in
Amarillo. The next GMA-1 meeting is scheduled for February 6, 2014. It was reported
that the PRPC has gone through user groups; that Dr. Amosson has presented his report;
and, that GMA-1 has given PRPC group tasks to complete.

In December, the General Manager forwarded a letter from the District to Texas AgriLife
Research and Extension on the general contractual conditions for use of the Water
Conservation Center beginning in September 2014. Since the last board meeting, the Ag
Committee has met with various seed companies and the Texas Corn Producer’s Board
Research Committee regarding the status for the field. The District’s direction for the
field was well received. It was also reported that the General Manager had a meeting
with a cotton gin in regard to the Conservation Center and that the General Manager had
a meeting at 3:00 p.m. today regarding drip irrigation.

In December, the General Manager and the owner of 605 1% Place reached a verbal
agreement on the purchase of the property to add to the District’s facilities. District staff
is currently working with the owner, the District’s attorney, and the District’s real estate
agent to finalize the sale. Presently, there is a zoning issue regarding the property and
there is a zoning variance hearing scheduled for January 21, 2014. Brian Bezner moved
that the General Manager continue to move forward to acquire 605 1* Place, subject to

the zoning issue being resolved. Justin Crownover seconded the motion and the motion
passed unanimously.

District Directors reported to the Board regarding meetings and/or seminars attended,
weather conditions and economic development in each Director’s precinct.

No other Committee reports were presented.

Steve Walthour presented the General Manager’s Report, including information

concerning upcoming meetings and conferences and the General Manager’s activity
summary.

By consensus, the Board set its next Board Meeting at 9:30 a.m. on February 11, 2014.

Phil Haaland moved to adjourn the meeting. Justin Crownover seconded the motion and

the motion was unanimously approved. President Born declared the meeting adjourned
at 1:39 p.m.
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Gene Born, President Bob Zimmer, Secretary
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Introduction

The North Plains Groundwater Conservation District (NPGCD) is facing critical
decisions regarding potential water conservation policies. It has been projected through the
planning efforts set forth in Senate Bills 1, 2, 3 and 4 that the four western counties of the district
will have difficulty in meeting the Desired Future Condition (DFC) of having 40% of the
groundwater remaining in 50 years. Evaluation of the economic implications from changing land
use, alternative water conservation strategies being considered, and/or the impacts of potential
water policies originating from the state or federal government can aid the district in making
umportant policy decisions.

The objective of this study is to evaluate the short and long-term implications of changing
land use and alternative water conservation strategies being considered by the NPGCD.
Specifically, changing land use and water conservation strategies identified by the district will be
evaluated using computer models that project saturated thickness, producer gross margin, and
impacts on the regional economy. The results of different scenarios are compared to a status quo
baseline scenario to evaluate their impacts. A total of four policy alternatives identified by the
NPGCD will be evaluated relative to the baseline with the first two being completed in the fall of
2011 (Phase One), and the remaining two scenarios completed by October 2013 or earlier (Phase
Two).

The baseline scenario (Phase One) assumes no water conserving policy is included, no
projected changes in irrigated acreage occur, and producers operate in an unregulated profit
maximizing manner. The baseline projections developed in the previous contract with the
district were updated with respect to input parameters. Two scenarios identified in the June 7,
2011 NPGCD Board meeting were evaluated in Phase One related to potential changing land use
within the district: an increase in irrigated acreage in the western four counties and an increase in
irrigated acreage in the eastern four counties. In both scenarios, a sensitivity analysis on the
number of irrigated acres added was performed to provide a broader picture of potential impacts.
An additional scenario was analyzed to evaluate the impact of varying discount rates on the
value of future agricultural production.

Study Area

The study area is the region overlying the Ogallala Aquifer in the NPGCD. The specific
counties included in the analysis are Dallam, Hartley, Moore, and Sherman Counties in the
western portion of the district and Hansford, Hutchinson, Ochiltree, and Lipscomb Counties in
the eastern portion, Figure 1.



Dallam Sherman Hansford  Ochiltree  Lipscomb

Hartley Moore  Hutchinson

Figure 1. North Plains Groundwater Conservation District
Phase One: Data and Methods

There are two types of economic models that were used in the policy analyses. Economic
optimization models (Brooke et al., 1998) for each of the eight counties in the study area were
used to estimate changes in the aquifer and producer gross margin over a 50-year planning
period. Socioeconomic models were used to evaluate changes in the regional economy and
regional employment based on the aggregate results from the county optimization models (MIG,
2009).

The county optimization models begin with the initial county values for crop acreage,
irrigated acreage, average saturated thickness, and depth to water. Given the initial conditions,
the models estimate the level of crop production and water use that optimize gross margin over a
50-year planning period. Gross margin is defined as the total of revenue less cash expenses.
Gross margin differs from net returns in that it does not include fixed expenses. The results of
the model include changes in crop acres, irrigated acres, and gross margin over the planning
horizon.

The underlying assumptions for the model include county, aquifer, and crop parameters.
The parameters for each county include the number of acres planted in each crop, the number of
irrigated acres (Farm Service Agency, 2008-2010), and the percentage of the county overlying
the Ogallala Aquifer. The aquifer characteristics for each county include the average saturated
thickness, depth to water, specific yield, and recharge. Initial saturated thickness estimates were
provided by the NPGCD (2011) while a slight modification was made to Moore County
saturated thickness (from 196 feet to 167 feet) using Texas Tech Universities’ Center for
Geospatial Technology (2011) estimates. It was felt that this value more accurately reflects the
saturated material which exists for irrigation purposes.

The crop parameters for each crop include crop price, cost of production, and crop yield.
Texas AgriLife Extension Service (2010) crop budgets were utilized to obtain three-year average
crop prices and costs of production. Crop yield was determined by a production function which
estimates yield as a response to applied water. Each crop in each county has a unique production
function. As available water decreases, the crop yield decreases in response to reduced irrigation.
The production functions were estimated with the aid of Leon New (2010) and are based on
field-level observations of the relationships between crop yield and irrigation water applied.
Cost of pumping was calculated using the energy price and energy requirement due to the
changing depth to water over the planning period. One of the unique aspects of this model is that
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water demand incorporates costs of pumping, changes in depth to water, changing crop yields,
and potential changes to crop mix as they respond to changing water availability over time.

The results of the county optimization models were aggregated into sub-regional results
for the socioeconomic analyses to forecast the effects of the policies on overall economic activity
in the NPGCD study area. These models capture the often-cited “spillover effects” of changes in
water availability on other economic sectors linked directly and indirectly to irrigated crop
production. Models to evaluate the baseline socioeconomic impacts on the overall study area and
impacts of the alternative scenarios analyzed used the input-output model, IMpact analysis for
PLANning (IMPLAN). Input-output modeling is a method used to understand the linkages
between elements of an economy and estimate the impacts of changes in the economy.

To measure impacts, the IMPLAN model produces multipliers which estimate the total
economic impact of expenditures within an economy. These impacts are referred to as direct,
indirect, and induced effects. An example of these effects is when a producer pays to have his
crop custom harvested (direct effect). Then, the custom harvester purchases additional
equipment (indirect effect). As a result of profits received, the producer and the custom harvester
can spend money at the local grocery store (induced effect). The IMPLAN model contains
comprehensive and detailed data coverage of the entire U.S. by county and the ability to
incorporate user-supplied data at each stage of the model building process. In addition,
particular crop production costs for each crop were input into the model to get more detailed and
region-specific results. These models generated the impact projections of employment, regional
income, and industry output for the study area.

Modeling Modifications from Recent Reports

Several updates/changes were made to the models used in the analysis compared to the
previous study. Frist, the projected planning horizon was reduced from 60 years to 50 years to be
consistent with the length of time established to reach a specified DFC. Second, crop acreage
data was updated through 2010 utilizing Farm Service Agency (2008-2010) records. Previously,
a five year average of crop acreage data was used in the models. In the current study, three year
averages of crop acreages were utilized to be more responsive to recent changes in acreage.
Maximum Allowable Groundwater (MAG) estimates provided by the Texas Water Development
Board were replaced by a three year average of water use provided by the district (North Plains
Groundwater Conservation District, 2011). Finally, the data in the IMPLAN model for the region
was updated and the analysis expanded to include forward linked sectors in addition to the
traditional backward linked sectors to reflect more accurately the total impact on the regional
economy.

Phase One Results

Current commodity prices in conjunction with technological advancements throughout
the farm structure could allow landowners in the NPGCD to expand their current irrigated
acreage. In this study, the objective was to evaluate the potential impacts to the aquifer and the
regional economy from irrigated acreage increasing throughout the district. The first step in the
analysis was to estimate a stafus quo baseline over a 50-year time horizon in which no water



conserving policy is included, no projected changes in irrigated acreage are assumed, and
producers operate in an unregulated profit maximizing manner. Then, three separate scenarios
were evaluated. The first estimated the impacts of increasing irrigated acreage by 20% and 40%
over the baseline values for the four western counties within the NPGCD. A second scenario
evaluated the impacts of increasing irrigated acreage by 20% and 40% in the eastern four
counties of the NPGCD. For these scenarios, county optimization models projected saturated
thickness, irrigated acreage, and gross margin per acre over a 50-year planning horizon while the
input-output model (IMPLAN) estimated the impact on the regional economy in terms of output,
value added production, and employment. Finally, a third scenario was added to illustrate how
the magnitude of these impacts changes with the discount rate chosen.

The baseline scenario established the status quo projections by which the 20% and 40%
increase in irrigated acres scenarios were compared. Saturated thickness of the western counties
started with an average saturated thickness of 156 feet which declined to 64 feet by year 50. As
saturated thickness declined, the number of irrigated acres also decreased from a total of 196,642
irrigated acres in year one of the analysis to 130,826 by the end of the planning horizon. Gross
margin also declined from $318.59 per acre year one to $218.67 by year 50. Agricultural
production under the baseline in the western counties generates impacts to the NPGCD Region
of $49.4 billion in output, $17.4 billion in value added, and an annual average of almost 5,000
jobs. The eastern counties of the district started with an average saturated thickness of 201 feet,
86,945 irrigated acres, and gross margin of $141.18 per acre which ended at 183 feet, 69,297
acres, and $236.58 per acre by year S0, respectively. Agricultural production under the baseline
in the eastern counties generates impacts to the NPGCD Region of $23.3 billion in output, $7.8
billion in value added, and an annual average of more than 2,400 jobs.

The results of the first scenario indicate that the western counties within the NPGCD will
be affected by a 20% and 40% increase in irrigated acreage. The additional burden placed upon
the aquifer caused by an increase of 20% in the initial irrigated land draws down the ending
saturated thickness an additional 18.7% compared to the baseline, leading to a weighted average
of 52 feet by year 50 of the time horizon. The additional 12 foot drop in saturated thickness from
depletion of the water resource causes a further reduction in irrigated acreage of 7.6%. Early in
the planning horizon, gross margin increased, however, the rapid drawdown in water availability
and decreasing irrigated acreage caused gross margin per acre to decline 45.5% by year 50. The
scenario with a 40% increase in irrigated acreage magnified the outcomes. Saturated thickness
dropped 30.1%, irrigated acreage declined 8.6% and gross margin per acre declined 72.3%
compared to the baseline by the end of the planning horizon. Overall, these scenarios resulted in
a positive impact to the region’s economy over the planning horizon. Industry output and value
added rose 15% and 17%, respectively, under the 20% increase scenario with annual average
employment increasing 15% relative to the baseline. The 40% scenario results in industry output,
value added, and employment increasing 21%, 23%, and 21%, respectively. However, the
benefits to the regional economy occur early in the time horizon. Industry output, value added,
and employment are less than the baseline in the latter years of the planning horizon.

The second scenario evaluated how a 20% and 40% increase in irrigated land area would
impact the eastern counties within the NPGCD. The results of this scenario are much different
than Scenario I in that the eastern counties of the district can sustain and thrive from these



increases and still meet the specified DFC. This is due to the smaller amount of irrigated acres
(compared to the western counties) relative to the availability of underground water reserves
within the four eastern counties. This region of the NPGCD does not exhibit the high rates of
decline for the aquifer as observed in the western counties. The weighted average of saturated
thickness for these counties only declines by an additional 3.6% and 7.7% compared to the
baseline by year 50 when the irrigated land is increased 20% and 40%, respectively. The region
was able to sustain the increase in irrigated acreage through the entire planning horizon at either
level of irrigated acreage increase. The increase in irrigated acreage improved gross margin per
acre 6.3% and 12.9% for the 20% and 40% scenarios, respectively. Additional irrigated acreage
has a positive impact on the eastern region’s economy. Industry output, value added, and average
annual employment increase 10%, 11%, and 10% under the 20% scenario and 22%, 23%, and
21% with the 40% scenario, respectively. Overall, the results of these scenarios prove to be an
economic benefit to the eastern counties of the NPGCD despite some loss in saturated thickness.

The third scenario illustrates the impact of alternative discount rates by comparing the
baseline to the 20% increase in irrigated acreage scenario for the western counties utilizing
discount rates of 3%, 0%, and -3%. Discounting allows the future impacts to the economy to be
converted to present day dollars. The analysis within this paper, as well as previous studies,
assumed a discount rate of 3%, which is typically an acceptable real rate of return on an asset.
The district may want to consider an alternative rate such as 0% meaning that current and future
consumption are valued equally or -3% which reflects that future consumption is worth more
than current consumption. Results indicate that as the discount rate moves from 3% to -3%, the
magnitude of the difference between the baseline and the 20% increase in irrigated acres scenario
becomes more prevalent, especially in the latter years of the time horizon.

Given the current economic environment, there exist incentives for landowners to either
convert existing dryland acres or break out new rangeland for irrigated purposes. It can be
concluded from this analysis that a 20% or a 40% increase in irrigated land in the western four
counties of the NPGCD will make it extremely difficult to reach the DFC. While the increase in
economic activity will benefit the regional economy as a result of greater farmland returns, this
will only be short lived as the aquifer will deplete at a much faster rate, causing large and rapid
conversions to dryland and decreasing the profit potential of farmland acres. Conversely, the
eastern four counties of the NPGCD appear to be able to sustain either a 20% or 40% increase in
irrigated land and still meet the DFC. Increases in irrigated acreage in the eastern counties will
increase aquifer depletion somewhat but do lead to gains in the region’s economy. It should be
noted that any increase in irrigated acreage should to be closely monitored because of potential
impact regardless of where it occurs in the NPGCD. The discount rate used in any analysis
affects the results and the board needs to evaluate the appropriate rate to be used for the NPGCD
considering the organization’s own beliefs and goals.

Phase Two

Two additional scenarios were identified by NPGCD in August, 2013 for analysis in
Phase II of the project. The first scenario involves estimating the impacts on saturated thickness,
producer income and the regional economy over a 50-year time horizon assuming no constraints
on water use are imposed. In scenario two, water use is limited in each county where necessary



to meet the DFC for the individual counties and the east and west sub-regions as a whole. A
comparison of the unconstrained scenario and the constrained water use scenario results is
conducted to evaluate the resultant impacts on saturated thickness, producer income and the
regional economy over a 50-year time horizon. It should be noted that the regional economic
analysis not only includes the backward linked sectors (traditionally done in the IMPLAN
model) but the impacts of the next level of forward-linked sectors such as livestock production,
milk production, elevators, etc. to more closely capture the full effect on the regional economy.
A final scenario was added by the project team which entailed conducting a sensitivity analysis
of the amount of irrigated acreage that could be either added to counties projected not to be
constrained by the DFC or subtracted to counties projected to not meet their DFC. A more
detailed description of the alternative scenarios identified by the District and the project team to
be included in the analysis is given below:

1y

2)

3)

Unconstrained Model: The unconstrained model is analogous to the baseline
model developed in Phase One. The unconstrained model scenario assumes no
water conserving policy is included, no projected changes in irrigated acreage
occur, and producers operate in an unregulated profit maximizing manner.
Rationale: Several conditions have changed since the development of the
baseline model used in Phase One that could impact projections made with the
original baseline model. These changes that were made to the unconstrained
model included: updating the irrigated acreage by county; updating the
relative crop production costs and utilization of the new GAM projections.

Desired Future Conditions: The implementation of conservation measures
for the NPGCD including two separate Desired Future Conditions (DFC).
Rationale: Two DFC’s are analyzed due to substantial differences in watei
uses and aquifer conditions between the four western counties and the four
eastern counties in the District. Specifically, the four western counties must
achieve at least 40% of the current aquifer storage remaining in 50 years while
the eastern counties must have at least 50% of aquifer storage remaining in 50
years. In the first DFC scenario, the impacts of each county within the two
sub-regions meeting the DFC were evaluated. The second DFC scenario
evaluated the effects of the sub-region as a whole meeting the requirements.

Acreage Sensitivity Analysis: Determine the amount of irrigated acreage
that can be added to counties and still meet the DFC. Rationale: The western
counties of the NPGCD have seen a significant expansion in irrigated acreage
in recent years due to higher commodity prices and increases in local demand.
As depletion in these counties occurs, it is probable that irrigation demand
will expand in the remaining counties of the NPGCD resulting in increases in
irrigated acreage in these counties. This scenario provides an estimate of the
amount of irrigated acreage increase that could be withstood and still meet the
DFC in those counties. In counties that were not able to meet the DFC, the
reduction in irrigated acreage required to meet the DFC was estimated. It is
assumed in this scenario that all new irrigated acreage is introduced in 2014.




Phase Two: Modifications to Phase One Data and Methods

The same basic methodology used in Phase One for constructing and analyzing scenarios
was utilized in Phase Two (described above). Changing conditions warranted updating the data
used in developing the models to analyze the scenarios in Phase Two. First and foremost,
irrigated acreage was changed by county to reflect what is being used in the 2016 Region A
water planning effort. In this effort, it was determined that irrigated acreage in Region A had
increased 132,278 acres with virtually all of the increase occurring in the NPGWD (mainly in
Dallam and Hartley counties). Of the 132,278 acres, 83,000 acres existed in production but was
not reported in Farm Service Agency data and the remainder was considered “new” irrigated
acreage (Marek et al., 2012). Costs were also updated in the models using the Texas A&M
AgriLife Extension Service (2013) crop budgets to obtain three-year average crop prices and
costs of production. Finally, the maximum water use in any given year was set based on the
average water use in the district for the 2008 — 2012 time periods (North Plains Groundwater
Conservation District, 2013). This was done to negate the impacts of volatility in weather and
Crop mix.

Phase Two Results:
Unconstrained

The unconstrained county level results established the status quo projections for the
desired future conditions (DFC). Under the unconstrained scenario, no water conserving policy
is included, no projected changes in irrigated acreage are assumed, and producers operate in an
unregulated profit maximizing manner. The initial values for each county include the allowable
annual pumping, average acreage estimates, and other economic variables as indicated in the
methods section.

The aquifer drawdown of the western counties of the district was significant under the
unconstrained scenario as illustrated in Table 1. Saturated thickness begins at 147 feet, 145 feet,
167 feet, and 173 feet and declines to 47 feet, 50 feet, 73 feet, and 76 feet by year 50 in Dallam,
Hartley, Moore, and Sherman Counties, respectively, due to continued aquifer depletion. This
loss in saturated thickness translates into a percentage decline of 68% and 66% in Dallam and
Hartley Counties, respectively, and 56% in both Moore and Sherman Counties. Dallam and
Hartley Counties are projected to have the largest change in saturated thickness, declining 100
and 95 feet over the 50-year horizon, respectively. The eastern counties of the district have
relatively less irrigated land which results in a slower rate of aquifer decline over the planning
horizon. Saturated thickness begins at 189 and 154 feet in Hansford and Hutchinson Counties
with drawdowns of 39 and 37 feet. Lipscomb and Ochiltree Counties are dryland intensive and
show very little change in the aquifer over the planning horizon with a beginning saturated
thickness of 215 and 214 and drawdowns of 12 and 10 feet, respectively. The percentage decline
in saturated thickness is no greater than 24% in any eastern county over the 50-year period.

The western counties, which exhibit the largest decreases in saturated thickness, also
have the largest declines in gross margin per acre (Table 2). Dallam County begins with a gross
margin of $243.41 per acre in year one which decreases to $128.78 by year 50. Hartley and



Sherman Counties have gross margins of $459.65 and $376.61 in year one which decline to
$137.99 and $315.39 by year 50, respectively. On the other hand, gross margin per acre
increases in Moore County and the eastern counties over the time period. The increase in
profitability through time in these counties is due to the optimization process within the model
choosing the crop mix which maximizes profit over the 50-year planning horizon. Given that
these counties can reasonably sustain irrigated land over the time horizon, the model converts
existing irrigated crop mixes to a more profitable crop mix. In Moore County, gross margin
begins at $296.58 per acre, increases over time to $435.57 and then decreases to $347.70 by year
50 with further depletion of the aquifer. This increase in gross margin is possible even as the
saturated thickness declines. It should be noted that these changes in crop mix are highly
dependent upon the assumptions made within the model. The focus of the model remains upon
the marginal difference between the unconstrained results and the alternative scenarios
evaluated. Detailed county results of saturated thickness, gross margin and year are located in
Appendix A.

The cumulative net present values of regional economic impacts over the 50-year time
horizon are shown in Table 3. The IMPLAN analysis captures the impact on the regional
economy of changes in crop production in the western and eastern counties of the NPGCD. The
value of irrigated and dryland crops through backward and forward linkages in the economy is
estimated at $59 billion in industry output, $24 billion in value added, and the support of an
annual average of 6,400 jobs over the 50-year time period under the unconstrained scenario for
the western counties. The eastern counties do not have the magnitude of impacts to the economy
as the western counties as the value of agricultural crop production is less than half at $23 billion
in industry output, $9 billion in value added, and an annual average of 2,400 jobs.

Table 1. NPGCD Unconstrained County Saturated Thickness (feet)' for Selected Years of
the Time Horizon

County | Year1 | Year10 | Year 20 I Year 30 | Year 40 | Year 50
West
Dallam 147.00 125.75 102.13 78.52 58.71 46.84
Hartley 145.00 121.97 96.38 73.66 59.36 49.75
Moore 167.00 149.48 130.02 110.56 91.10 73.24
Sherman 173.00 154.40 133.73 113.07 92.48 76.40
West Average 155.75 135.16 112.27 90.32 72.18 59.07
East _
Hansford 189.00 181.86 173.93 166.00 158.07 150.14
Hutchinson 154.00 147.13 139.49 131.85 124.21 116.57
Lipscomb 215.00 212.78 210.30 207.83 205.36 202.89
Ochiltree 214.00 212.23 210.26 208.29 206.32 204.36
East Average 201.47 197.49 193.06 188.64 184.21 179.79

"West and East averages are weighted by the area overlying the aquifer in each county.



Table 2. NPGCD Unconstrained Gross Margin ($/acre)' by County for Selected Years of
the Time Horizon

County J Year 1 | Year IO—I Year 20 [ Year 30T Year 40 f Year 50
West
Dallam $243.41 $302.86 $343.74 $364.06 $224.13 $128.78
Hartley $459.65 $507.25 $529.80 $361.51 $216.65 $137.99
Moore $296.58 $340.69 $379.98 $411.51 $435.57 $347.70
Sherman $376.61 $427.08 $464.58 $489.18 $462.38 $315.39
West Average $342.57 $393.81 $428.78 $403.06 $320.72 $218.50
East
Hansford $192.04 $230.95 $257.86 $276.45 $291.50 $303.64
Hutchinson $189.70 $230.78 $261.83 $282.45 $299.03 $312.42
Lipscomb $239.38 $274.17 $295.88 $313.05 $327.02 $338.38
Ochiltree $163.02 $192.13 $215.20 $233.80 $248.97 $261.35
East Average $186.03 $221.40 $247.00 $265.72 $280.91 $293.22

"West and East averages are based on the total irrigated and dryland gross margin (at time t) divided by total
irrigated and dryland cropland acres.

Table 3. NPGCD Unconstrained 50-Year Regional Economic Impacts' by West and East
Regions

Direct Indirect Induced Total
West
Output” $36,625 $19,054 $2,871 $58,550
Value Added” $15,971 $6,430 $1,706 $24,108
Employment’ 3,297 2,516 548 6,360
East
Output’ $14,521 $6,814 $1,186 $22,521
Value Added” $5,753 $2,505 $706 $8,963
Employment” 1,195 976 225 2,395

Impacts include both forward-linked and backward-linked effects.
2Millions of dollars — discounted at 3% over the 50-year time horizon.
} Average annual employment.

Desired Future Conditions (DFC)

The DFC scenario included a 40/50 policy in the West Counties of Dallam, Hartley,
Moore and Sherman, and a 50/50 policy in the East Counties of Hansford, Hutchinson,
Lipscomb, and Ochiltree. The DFC scenario establishes a restriction on pumping so that at least
40% of the saturated thickness will be remaining in 50 years in the West and 50% in 50 years in
the East.

Two different DFC Scenarios were analyzed. In the unconstrained scenario for Moore,
Sherman, Hansford, Hutchinson, Lipscomb, and Ochiltree Counties, saturated thickness at the
end of the time horizon was greater than the DFC target. Therefore, applying the DFC policy
left these counties unaffected. Dallam and Hartley were the only counties affected by the DFC
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restriction. Thus, under the first DFC scenario “County Weighted DFC”, the DFC was analyzed
for Dallam and Hartley Counties individually. Then, a weighted average for the west region was
calculated. The second DFC scenario, “Regional DFC” analyzed the DFC for the entire western
region as a whole and provides a better representation of actual management which is occurring
on a regional basis rather than on a county basis. The eastern region of the NPGCD is unaffected
by the DFC and thus, only a comparison between the unconstrained scenario and the DFC
scenarios for the western portion of the District is shown in Tables 4-6.

The County Weighted DFC policy constrained saturated thickness to be 58.8 feet in
Dallam County and 58.0 feet in Hartley County by year 50 of the analysis. Saturated thickness in
Dallam and Hartley Counties started at 147 feet and 145 feet and declined 60% to reach their
respective targets. This resulted in a savings of 12 feet of saturated thickness in Dallam County
and 8.25 feet in Hartley County. The increase in saturated thickness at the end of the time
horizon had noticeable effects on producer gross margin. Gross margins were reduced in both
counties when restricted by the County DFC. Under this scenario, gross margin in Dallam
County dropped from $217.51 to $18.70 per acre by year 50. Gross margin decreased 86% from
the unconstrained projections. In Hartley County, gross margin under the DFC scenario fell
from $459.62 to $54.92 per acre, resulting in a decrease of 60% compared to the unconstrained
scenario. The county-level effects resulted in an overall weighted average for the western region
of 65 feet in saturated thickness and $163.35 per acre in producer gross margin by year 50.

The Regional DFC policy constrained saturated thickness to be 62.3 feet in the western
region by year 50 of the analysis. Saturated thickness started at an average of 156 feet and
declined 60% to reach the target, resulting in a savings of three feet of saturated thickness when
compared to the unconstrained scenario. Gross margins were reduced in as a result of the
Regional DFC, but not by as much as in the County DFC scenario. Gross margin fell from
$337.54 to $213.79 per acre, resulting in a decrease of 2.2% compared to the unconstrained
scenario.

The regional economy was also affected by the DFC, as indicated in Table 8. The net
impact to regional economic output and employment fell by as much as 6% under the County
DFC scenario. Industry output, value added, and employment decreased by $3.5 billion, $1.5
billion, and 239 jobs, respectively, over the 50-year time horizon. The impacts of the Regional
DFC to the economy are less pronounced with a decline of 4% compared to the unconstrained
scenario. Under the Regional DFC, industry output, value added, and employment declined by
$2.2 billion, $958 million, and 151 jobs, respectively, over the 50-year time period. These
impacts are illustrated in Figure 2 where the regional economic impacts under the unconstrained
scenario are represented with solid lines while the DFC is depicted by the dashed lines. In
addition, two alternative discount rates were compared to detect the differences in regional
economic impacts from agricultural crop production under both scenarios. The 0% discount rate
(shown in red) suggests that current and future consumption are valued equally while the 3%
discount rate (shown in blue) indicates that future consumption is worth more than current
consumption. Typically, a 3% discount rate is used in economic studies to convert future returns
to present day values. However, the choice of a discount rate depends on many factors including
a person’s or organization’s own beliefs, goals, or age.
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Although the eastern NPGCD was unaffected by the DFC scenario, the regional
economic results are presented in Table 7 and Figure 3. Detailed county and regional results of
saturated thickness and gross margin under the DFC scenarios are presented in Appendix B.

Table 4. NPGCD DFC Saturated Thickness (feet) for Dallam County, Hartley County, and
the West Region for Selected Years of the Time Horizon

County | Year 1 | Year 10 | Year 20 l Year 30 | Year 40 | Year 50
Dallam
Unconstrained 147.00 125.75 102.13 78.52 58.71 46.84
DFC 147.00 125.93 103.92 85.37 70.14 58.80
Change from Unconstrained | 0.0% 0.1% 1.8% 8.7% 19.5% 25.5%
Hartley
Unconstrained 145.00 121.97 96.38 73.66 59.36 49.75
DFC 145.00 123.17 102.58 85.21 70.47 58.00
Change from Unconstrained | 0.0% 1.0% 6.4% 15.7% 18.7% 16.6%
West Average
Unconstrained' 155.75 135.16 112.27 90.32 72.18 59.07
County Weighted DFC’ 155.75 135.60 114.78 95.97 78.94 65.05
Change from Unconstrained | 0.0% 0.3% 2.2% 6.3% 9.4% 10.1%
Regional DFC” 155.75 135.58 113.17 91.21 74.02 62.30
Change from Unconstrained | 0.0% 0.3% 0.8% 1.0% 2.5% 5.5%

"West average weighted by the area overlying the aquifer in each county.
? Four counties in the West analyzed as a single region.

Table 5. NPGCD DFC Gross Margin ($/acre) for Dallam County, Hartley County, and the
West Region for Selected Years of the Time Horizon

County | Year1 | Year 10 | Year 20 | Year 30 | Year 40 | Year 50
Dallam
Unconstrained $243.41 $302.86 | $343.74 | $364.06 | $224.13 | $128.78
DFC $217.51 [ $163.23 [ $111.99 $73.88 $45.73 $18.70
Change from Unconstrained | -10.6% | -46.1% | -67.4% | -79.7% | -79.6% | -85.5%
Hartley
Unconstrained $459.65 | $507.25 | $529.80 | $361.51 $216.65| $137.99
DFC $459.62 | $313.23 | $202.72 | $132.77 $88.01 $54.92
Change from Unconstrained 0.0% -38.2% -01.7% -63.3% -59.4% -60.2%
West Average
Unconstrained’ $342.57 | $393.81 | $428.78 | $403.06 | $320.72 | $218.50
County Weighted DFC'’ $334.69 | $300.73 | $272.96 | $255.13 | $232.91 $163.35
Change from Unconstrained | -2.3% -23.6% | -36.3% | -36.7% | -274% | -25.2%
Regional DFC” $337.54 | $338.21 | $335.78 | $327.82  $260.72 | $213.79
Change from Unconstrained | -1.5% -14.1% | -21.7% | -187% | -18.7% -2.2%

''West average is based on the total irrigated and dryland gross margin (at time t) divided by total irrigated and

dryland cropland acres.

? Four counties in the West analyzed as a single region.
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Table 6. NPCGD West Region 50-Year Regional Economic Impacts'

[1)
Change »
From Change
Direct Indirect Induced Total From
Uncon-
: Uncon-
strained X
strained
Unconstrained
Output2 $36,625 $19,054 $2.871 $58,550
Value Added” $15,971 $6,430 $1,706 $24,108
Employment’ 3,297 2,516 548 6,360
County Weighted DFC
Output2 $34,669 $17,678 $2,675 $55,022 -$3,528 -6%
Value Added” $15,063 $5,945 $1,590 $22,598 -$1,510 -6%
Employment3 3,297 2,313 511 6,122 -239 -4%
Regional DFC
Olltpu'f2 $35,391 $18,180 $2,746 $56,317 -$2,233 -4%
Value Added” $15,396 $6,122 $1,632 $23,150 -$958 -4%
Employment’ 3,298 2,387 525 6,209 -151 2%

" Impacts include both forward-linked and backward-linked effects.
2Millions of dollars — discounted at 3% over the 50-year time horizon.
3 Average annual employment.
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Figure 2. NPCGD West Region Total Industry Output Impacts for a 50-year Planning
Horizon Utilizing Alternative Discount Rates of 0% and 3%

Table 7. NPCGD East Region 50-Year Regional Economic Impacts’

%
C;r:':ﬁe Change
Direct Indirect Induced Total T From
- Uncon-

Srained strained
_ Unconstrained
Output” $14,521 $6,814 $1,186 | $22,521
Value Added” $5,753 $2,505 $706 $8,963
Employment” 1,195 976 225 2,395

DFC

Output® $14,521 $6,814 $1,186 |  $22,521 $0 0%
Value Added” $5,753 $2,505 $706 $8,963 $0 0%
Employment’ 1,195 976 225 2,395 0 0%

Impacts include both forward-linked and backward-linked effects.
?Millions of dollars — discounted at 3% over the 50-year time horizon.
* Average annual employment.
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Acreage Sensitivity Analysis

The western counties of the NPGCD have seen a significant expansion in irrigated
acreage in recent years due to higher commodity prices and increases in local demand. In
particular, Dallam and Hartley Counties have experienced substantial increases in irrigated
acreage and are not projected to meet their DFC in the absence of water use restrictions. The
decrease in irrigated acreage that would be necessary for these counties to be able to meet their
DFC was estimated to be 20% (Table 10). Irrigated acreage would need to decline to 235,602
acres in Dallam County and 204,498 acres in Hartley County.

As depletion in these two counties occurs, it is probable that irrigation demand will
expand in the remaining counties of the NPGCD resulting in increases in irrigated acreage in
these counties. The increase in irrigated acreage that could be sustained while still meeting the
DFC was estimated for the remaining six counties in the NPGCD. The percentage increase in
irrigated acreage that could be allowed while still meeting the DFC ranged from 5% in Moore
County to 500% in Lipscomb County. The eastern counties, in particular, are able to withstand a
substantial increase in irrigated acreage and still meet their DFC in year 50 of the analysis.
Currently, Lipscomb has only 61,706 acres of cropland and Ochiltree has 231,001 acres of total
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cropland. Thus, in these counties, the estimated maximum increase in acreage to occur while still
meeting the DFC would have to come from the break-out of new irrigated cropland.

Table 10. Irrigated Acreage Decrease or Increase to Meet a County DFC.

Average Acreage Acreage to

Chuiig (2006-2010) Meet the DFC___| Percent Change

West
Dallam 294,502 235,602 -20%
Hartley 255,623 204,498 -20%
Moore 142,470 149,594 5%
Sherman 184,844 203,328 10%

East
Hansford 132,913 245,889 85%
Hutchinson 35,520 56,832 60%
Lipscomb 36,416 218,496 500%
Ochiltree 59,634 268,353 350%

Summary and Conclusions

Two scenarios were identified by the NPGCD for analysis in Phase Il of this project. The
first scenario involved estimating the impacts on saturated thickness, producer income and the
regional economy over a 50-year time horizon assuming no constraints on water use are imposed
(unconstrained scenario). Changing conditions warranted updating the data used in developing
the models to analyze the scenarios in Phase Two. Increases in local demand, rising commodity
prices, and technological advancements have influenced the expansion of irrigated acres in the
western portion of the NPGCD. Saturated thickness of the western counties started with an
average saturated thickness of 156 feet which declined to 59 feet by year 50. As saturated
thickness declined, gross margin also declined from $342.57 per acre in year one to $218.50 by
year 50. Agricultural production under the unconstrained scenario in the western counties
generates impacts to the NPGCD Region of $59 billion in output and $24 billion in value added
over the 50-year time horizon, and an annual average of approximately 6,400 jobs. The average
initial saturated thickness in the eastern counties of the district started at 201 feet with an average
gross margin of $186.03 per acre. Ending average saturated thickness was 180 feet with an
average gross margin of $293.22 per acre by year 50. Agricultural production under the
unconstrained scenario in the eastern counties generates impacts to the NPGCD Region of
approximately $23 billion in output, $9 billion in value added, and an annual average of 2,400
jobs.

In scenario 2 (the DFC scenario), water use was limited in each county where necessary
to meet the DFC for the individual counties and the district as a whole. A comparison of the
unconstrained scenario and the constrained water use scenario results was conducted to evaluate
the resultant impacts on saturated thickness, producer income and the regional economy over a
50-year time horizon. The DFC only resulted in restricted water use in Dallam and Hartley
Counties. Under this scenario, average saturated thickness for the western portion of the NPGCD
decreased to 65.05 feet by year 50 which is 10% higher than the unconstrained scenario.
Reduced yields resulted in a reduced average gross margin for the western portion of $163.35 per
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acre which is 25% lower than the unconstrained scenario. In addition, economic activity in the
sub-region was reduced 3.5 billion dollars over the 50 years and an annual average of 239 jobs
was lost compared to the unconstrained model.

Evaluating the impacts of imposing a regional DFC rather than a county specific DFC in
the western counties helped lessen the overall negative economic impacts. Ending gross margin
was estimated to be $50 per acre higher, economic activity over the 50-year time line was 1.3
billion more and annual employment averaged 87 more than the county specific DFC. However,
region-wide saturated thickness did decline an additional 2.75 feet.

A final scenario was added by the project team in which a sensitivity analysis was
conducted for the amount of irrigated acreage that could be added to counties projected not to be
constrained by the DFC. Results indicated that Dallam and Hartley Counties would both need to
reduce irrigated acreage by 20% in order to meet the DFC while the remaining counties in the
district could actually increase irrigated acreage in a range from 5% in Moore County to 500% in
Lipscomb County.

Given the current economic environment, there exist incentives for landowners to either
convert existing dryland acres or break out rangeland for irrigated purposes. It can be concluded
from this analysis that Dallam and Hartley Counties cannot sustain further increases in irrigated
acreage. In fact, either a decrease in irrigated acreage or a lower application of irrigation per acre
will need to occur in order for these counties to meet their target DFC. However, the eastern
counties of the district could actually increase irrigated acreage substantially and still be able to
meet their DFC. Increasing urrigated acreage in these counties could be one way to offset some
of the economic losses that will occur in the western counties as the aquifer declines. Further
research should be conducted to determine the feasibility as well as the costs and benefits
associated with any increases in irrigated acreage in these counties.
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Appendix A:
Estimated Saturated Thickness and

Gross Margin for the Unconstrained Scenario
by County and Year
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SATURATED THICKNESS (FEET)

Year Dallam Hartley Moore Sherman Hansford Hutchinson Lipscomb Ochiltree
2014 147.00 145.00 167.00 173.00 189.00 154.00 215.00 214.00
2015 144.64 142.44 165.05 170.93 188.21 153.24 214.75 213.80
2016 142.28 139.88 163.11 168.87 187.41 152.47 214.51 213.61
2017 139.92 137.32 161.16 166.80 186.62 151.71 214.26 213.41
2018 137.55 134.76 159.22 164.73 185.83 150.94 214.01 213.21
2019 135.19 132.20 157.27 162.67 185.03 150.18 213.76 213.02
2020 132.83 128.65 155.32 160.60 184.24 149.42 213.52 212.82
2021 130.47 127.09 153.38 158.53 183.45 148.65 213.27 212.62
2022 128.11 124.53 151.43 156.47 182.65 147.89 213.02 212.43
2023 125.75 121.97 149.48 154.40 181.86 147.13 212.78 212.23
2024 123.39 119.41 147.54 152.33 181.07 146.36 212.53 212.03
2025 121.02 116.85 145.59 150.27 180.28 145.60 212.28 211.84
2026 118.66 114.29 143.65 148.20 179.48 144.83 212.03 211.64
2027 116.30 111.73 141.70 146.13 178.69 144.07 211.79 211.44
2028 113.94 109.17 139.75 144.07 177.90 143.31 211.54 211.24
2029 111.58 106.61 137.81 142.00 177.10 142.54 211.29 211.05
2030 109.22 104.05 135.86 139.93 176.31 141.78 211.05 210.85
2031 106.86 101.50 133.91 137.87 175.52 141.02 210.80 210.65
2032 104.49 98.94 131.97 135.80 174.72 140.25 210.55 210.46
2033 102.13 96.38 130.02 133.73 173.93 139.49 210.30 210.26
2034 99.77 93.82 128.08 131.67 173.14 138.72 210.06 210.06
2035 97.41 91.26 126.13 129.60 172.34 137.96 209.81 209.87
2036 95.05 88.70 124,18 127.53 171.55 137.20 209.56 209.67
2037 92.69 86.18 122.24 125.47 170.76 136.43 209.32 209.47
2038 90.32 83.80 120.29 123.40 169.96 135.67 209.07 209.28
2039 87.96 81.55 118.34 121.33 169.17 134.91 208.82 209.08
2040 85.60 79.42 116.40 119.27 168.38 134.14 208.57 208.88
2041 83.24 77.40 114.45 117.20 167.59 133.38 208.33 208.69
2042 80.88 75.48 112.51 115.13 166.79 132.61 208.08 208.49
2043 78.52 73.66 110.56 113.07 166.00 131.85 207.83 208.29
2044 76.16 71.92 108.61 111.00 165.21 131.09 207.59 208.10
2045 73.79 70.27 106.67 108.93 164.41 130.32 207.34 207.90
2046 71.49 68.69 104.72 106.87 163.62 129.56 207.09 207.70
2047 69.33 67.18 102.77 104.80 162.83 128.79 206.84 207.51
2048 67.30 65.73 100.83 102.74 162.03 128.03 206.60 207.31
2049 65.38 64.35 98.88 100.67 161.24 127.27 206.35 207.11
2050 63.58 63.02 96.94 98.60 160.45 126.50 206.10 206.91
2051 61.87 61.75 94.99 96.54 159.65 125.74 205.86 206.72
2052 60.25 60.53 93.04 94.47 158.86 124.98 205.61 206.52
2053 58.71 59.36 91.10 92.48 158.07 124.21 205.36 206.32
2054 57.26 58.23 89.15 90.57 157.27 123.45 205.11 206.13
2055 55.87 57.15 87.20 88.74 156.48 122.68 204.87 205.93
2056 54.55 56.11 85.26 86.98 155.69 121.92 204.62 205.73
2057 53.30 55.10 83.31 85.29 154.90 121.16 204.37 205.54
2058 52.10 54.13 81.44 83.67 154.10 120.39 204.13 205.34
2059 50.95 53.19 79.66 82.10 153.31 119.63 203.88 205.14
2060 49.86 52.29 77.95 80.60 152.52 118.87 203.63 204.95
2061 48.81 51.41 76.31 79.15 151.72 118.10 203.38 204.75
2062 47.80 50.57 74.75 77.75 150.93 117.34 203.14 204.55
2063 46.84 49.75 73.24 76.40 150.14 116.57 202.89 204.36
% at 50 31.86% 34.31% 43.86% 44.16% 79.44% 75.70% 94.37% 95.49%
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GROSS MARGIN ($/ACRE)

Year Dallam Hartley Moore Sherman Hansford Hutchinson Lipscomb Ochiltree
2014 243.A1 459.65 296.58 376.61 192.04 189.70 239.38 163.02
2015 251.74 465.91 302.19 383.21 197.16 195.02 244.36 166.78
2016 259.54 471.90 307.55 389.54 202.07 200.13 248.99 170.40
2017 266.86 477.64 312.68 395.61 206.77 205.05 253.28 173.88
2018 273.73 483.13 317.61 401.42 211.26 209.78 257.33 177.23
2019 280.25 488.38 322.43 407.00 215.56 214.32 261.15 180.45
2020 286.42 493.42 327.14 412.34 219.68 218.69 264.75 183.54
2021 292.24 498.23 331.76 417.46 223.61 222.88 268.11 186.52
2022 297.72 502.84 336.27 422.37 227.36 226.91 271.25 189.38
2023 302.86 507.25 340.69 427.08 230.95 230.78 274.17 192.13
2024 307.65 511.46 345.02 431.59 234.37 234.50 276.86 194.77
2025 312.11 515.46 349.25 435.91 237.63 238.07 279.33 197.30
2026 316.38 519.01 353.39 440.06 240.74 241.50 281.59 199.74
2027 320.55 522.05 357.44 444.03 243.70 244.79 283.76 202.08
2028 324.63 524.59 361.41 447.83 246.51 247.94 285.88 204.38
2029 328.63 526.63 365.29 451.47 249.09 250.97 287.97 206.63
2030 332.53 528.17 369.08 454.96 251.46 253.88 290.01 208.84
2031 336.35 529.21 372.79 458.31 253.65 256.67 292.00 211.00
2032 340.09 529.76 376.43 461.51 255.77 259.32 293.96 213.12
2033 343.74 529.80 379.98 464.58 257.86 261.83 295.88 215.20
2034 347.26 529.36 383.46 467.51 259.90 264.19 297.76 217.23
2035 350.45 528.41 386.86 470.33 261.90 266.42 299.60 219.23
2036 353.31 520.65 390.18 473.02 263.85 268.58 301.41 221.18
2037 355.83 495.21 393.44 475.59 265.77 270.69 303.17 223.09
2038 358.03 470.48 396.62 478.06 267.64 272.75 304.90 224.97
2039 359.89 446.63 399.73 480.42 269.48 274.77 306.60 226.81
2040 361.42 423.77 402.77 482.69 271.28 276.75 308.26 228.61
2041 362.63 401.94 405.75 484.90 273.04 278.69 309.89 230.37
2042 363.51 381.19 408.66 487.06 274.76 280.59 311.48 232.10
2043 364.06 361.51 411.51 489.18 276.45 282.45 313.05 233.80
2044 364.29 342.90 414.29 491.24 278.10 284.27 314.58 235.46
2045 356.60 325.33 417.01 493.25 279.72 286.05 316.08 237.08
2046 337.07 308.78 419.67 495.00 281.31 287.80 317.54 238.68
2047 318.25 293.19 422.27 496.35 282.86 289.50 318.98 240.24
2048 300.27 278.52 424.81 497.30 284.37 291.18 320.39 241.77
2049 283.18 264.67 427.30 497.83 285.86 292.81 321.77 243.27
2050 267.03 251.59 429.73 497.97 287.31 294.42 323.12 244.74
2051 251.82 239.25 432.03 497.70 288.74 295.99 324.45 246.18
2052 237.53 227,61 433.98 481.23 290.13 297.52 325.75 247.59
2053 224.13 216.65 435.57 462.38 291.50 299.03 327.02 248.97
2054 211.60 206.33 436.80 444.33 292.83 300.50 328.26 250.33
2055 199.90 196.64 437.67 427.08 294.14 301.94 329.48 251.66
2056 188.93 187.53 438.18 410.60 295.42 303.35 330.68 252.96
2057 178.61 178.99 425.16 394.90 296.67 304.73 331.85 254.23
2058 168.89 170.98 410.76 379.93 297.89 306.08 332.99 255.48
2059 159.77 163.47 396.95 365.69 299.09 307.41 334.12 256.70
2060 151.23 156.45 383.74 352.14 300.27 308.70 335.22 257.90
2061 143.23 149.87 371.13 339.26 301.42 309.97 336.29 259.08
2062 135.75 143.73 359.12 327.02 302.54 311.21 337.35 260.23
2063 128.78 137.99 347.70 315.39 303.64 312.42 338.38 261.35
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Appendix B:
Estimated Saturated Thickness and

Gross Margin for the Desired Future Conditions (DFC)
Scenarios by County or Region and Year
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SATURATED THICKNESS (FEET)

Year Dallam Hartley Moore Sherman Hansford Hutchinson Lipscomb Ochiltree
2014 147.00 145.00 167.00 173.00 189.00 154.00 215.00 214.00
2015 144.64 142.44 165.05 170.93 188.21 153.24 214.75 213.80
2016 142.28 139.89 163.11 168.87 187.41 152.47 214.51 213.61
2017 139.92 137.38 161.16 166.80 186.62 151.71 214.26 213.41
2018 137.56 134.90 159.22 164.73 185.83 150.94 214.01 213.21
2019 135.21 132.47 157.27 162.67 185.03 150.18 213.76 213.02
2020 132.87 130.09 155.32 160.60 184.24 149.42 213.52 212.82
2021 130.54 127.74 153.38 158.53 183.45 148.65 213.27 212.62
2022 128.23 125.44 151.43 156.47 182.65 147.89 213.02 212.43
2023 125.93 123.17 149.48 154.40 181.86 147.13 212.78 212.23
2024 123.64 120.95 147.54 152.33 181.07 146.36 212.53 212,03
2025 121.37 118.76 145.59 150.27 180.28 145.60 212.28 211.84
2026 119.11 116.62 143.65 148.20 179.48 144.83 212.03 211.64
2027 116.86 114.51 141.70 146.13 178.69 144.07 211.79 211.44
2028 114.62 112.43 139.75 144.07 177.90 143.31 211.54 211.24
2029 112.40 110.38 137.81 142.00 177.10 142.54 211.29 211.05
2030 110.22 108.39 135.86 139.93 176.31 141.78 211.05 210.85
2031 108.08 106.42 133.91 137.87 175.52 141.02 210.80 210.65
2032 105.98 104.48 131.97 135.80 174.72 140.25 210.55 210.46
2033 103.92 102.58 130.02 133.73 173.93 139.49 210.30 210.26
2034 101.90 100.71 128.08 131.67 173.14 138.72 210.06 210.06
2035 99.92 98.87 126.13 129.60 172.34 137.96 209.81 209.87
2036 97.98 97.06 124.18 127.53 171.55 137.20 209.56 209.67
2037 96.07 95.28 122.24 125.47 170.76 136.43 209.32 209.47
2038 94.20 93.53 120.29 123.40 169.96 135.67 209.07 209.28
2039 92.37 91.81 118.34 121.33 169.17 13491 208.82 209.08
2040 90.57 90.12 116.40 119.27 168.38 134.14 208.57 208.88
2041 88.80 88.45 114.45 117.20 167.59 133.38 208.33 208.69
2042 87.07 86.82 112.51 115.13 166.79 132.61 208.08 208.49
2043 85.37 85.21 110.56 113.07 166.00 131.85 207.83 208.29
2044 83.71 83.62 108.61 111.00 165.21 131.09 207.59 208.10
2045 82.08 82.07 106.67 108.93 164.41 130.32 207.34 207.90
2046 80.48 80.53 104.72 106.87 163.62 129.56 207.09 207.70
2047 78.91 79.03 102.77 104.80 162.83 128.79 206.84 207.51
2048 77.37 77.54 100.83 102.74 162.03 128.03 206.60 207.31
2049 75.87 76.08 98.88 100.67 161.24 127.27 206.35 207.11
2050 74.39 74.65 96.94 98.60 160.45 126.50 206.10 206.91
2051 72.94 73.23 94.99 96.54 159.65 125.74 205.86 206.72
2052 71.53 71.84 93.04 94.47 158.86 124.98 205.61 206.52
2053 70.14 70.47 91.10 92.48 158.07 124.21 205.36 206.32
2054 68.81 69.12 89.15 90.57 157.27 123.45 205.11 206.13
2055 67.53 67.80 87.20 88.74 156.48 122.68 204.87 205.93
2056 66.30 66.49 85.26 86.98 155.69 121.92 204.62 205.73
2057 65.11 65.20 83.31 85.29 154.90 121.16 204.37 205.54
2058 63.97 63.94 81.44 83.67 154.10 120.39 204.13 205.34
2059 62.86 62.70 79.66 82.10 153.31 119.63 203.88 205.14
2060 61.79 61.48 77.95 80.60 152.52 118.87 203.63 204.95
2061 60.76 60.28 76.31 79.15 151.72 118.10 203.38 204.75
2062 59.76 59.12 74.75 77.75 150.93 117.34 203.14 204.55
2063 58.80 58.00 73.24 76.40 150.14 116.57 202.89 204.36
% at 50 40.00% 40.00% 43.86% 44.16% 79.44% 75.70% 94.37% 95.49%
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GROSS MARGIN ($/ACRE)

Year Dallam Hartley Moore Sherman Hansford Hutchinson Lipscomb Ochiitree
2014 217.51 459.62 296.58 376.61 192.04 189.70 239.38 163.02 J
2015 210.97 445.08 302.19 383.21 197.16 195.02 244.36 166.78
2016 204.63 427.78 307.55 389.54 202.07 200.13 248.99 170.40
2017 198.48 409.01 312.68 395.61 206.77 205.05 253.28 173.88
2018 192.50 391.10 317.61 401.42 211.26 209.78 257.33 177.23
2019 186.24 374.03 322.43 407.00 215.56 214.32 261.15 180.45
2020 180.18 357.74 327.14 412.34 219.68 218.69 264.75 183.54 |
2021 174.34 342.20 331.76 417.46 223.61 222.88 268.11 186.52 J
2022 168.69 327.38 336.27 422.37 227.36 226.91 271.25 189.38 l
2023 163.23 313.23 340.69 427.08 230.95 230.78 274.17 192.13 J
2024 157.96 299.73 345.02 431.59 234.37 234.50 276.86 194.77 J
2025 152.86 286.85 349.25 435.91 237.63 238.07 279.33 197.30
2026 147.94 274.55 353.39 440.06 240.74 241.50 281.59 199.74
2027 143.18 262.82 357.44 444.03 243.70 244,79 283.76 202.08
2028 138.46 251.61 361.41 447.83 246.51 247.94 285.88 204.38
2029 132.67 240.91 365.29 451.47 249.09 250.97 287.97 206.63
2030 127.14 230.69 365.08 454.96 251.46 253.88 290.01 208.84
2031 121.86 220.94 372.79 458.31 253.65 256.67 292.00 211.00
2032 116.81 211.62 376.43 461.51 255.77 259.32 293.96 213.12
2033 111.99 202.72 379.98 464.58 257.86 261.83 295.88 215.20
2034 107.39 194.21 383.46 467.51 259.90 264.19 297.76 217.23
2035 102.99 186.09 386.86 470.33 261.90 266.42 299.60 219.23
2036 98.78 178.32 390.18 473.02 263.85 268.58 301.41 221.18
2037 94,76 170.90 393.44 475.59 265.77 270.69 303.17 223.09
2038 90.92 163.81 396.62 478.06 267.64 272.75 304.90 224.97
2039 87.24 157.04 399.73 480.42 269.48 274.77 306.60 226.81
2040 83.67 150.56 402.77 482.69 271.28 276.75 308.26 228.61
2041 80.26 144.36 405.75 484.90 273.04 278.69 309.89 230.37
2042 77.00 138.44 408.66 487.06 274.76 280.59 311.48 232.10
2043 73.88 132.77 411.51 489.18 276.45 282.45 313.05 233.80
2044 70.90 127.36 414.29 491.24 278.10 284.27 314.58 235.46
2045 67.96 122.17 417.01 493.25 279.72 286.05 316.08 237.08
2046 65.15 117.22 419.67 495.00 281.31 287.80 317.54 238.68
2047 62.47 112.47 422.27 496.35 282.86 289.50 318.98 240.24
2048 59.91 107.94 424.81 497.30 284.37 291.18 320.39 241.77
2049 57.46 103.59 427.30 497.83 285.86 292.81 321.77 243.27
2050 55.11 99.44 429.73 497.97 287.31 294.42 323.12 244.74
2051 52.87 95.46 432.03 497.70 288.74 295.99 324.45 246.18
2052 50.23 91.65 433.98 481.23 290.13 297.52 325.75 247.59
2053 45.73 88.01 435.57 462.38 291.50 299.03 327.02 248.97
2054 41.66 84.52 436.80 444.33 292.83 300.50 328.26 250.33
2055 37.96 81.17 437.67 427.08 294.14 301.94 329.48 251.66
2056 34.62 77.97 438.18 410.60 295.42 303.35 330.68 252.96
2057 31.60 74.79 425.16 394.90 296.67 304.73 331.85 254.23
2058 28.87 71.70 410.76 379.93 297.89 306.08 332.99 255.48
2059 26.40 68.75 396.95 365.69 299.09 307.41 334.12 256.70
2060 24,17 65.93 383.74 352.14 300.27 308.70 335.22 257.90
2061 22.16 62.43 371.13 339.26 301.42 309.97 336.29 259.08
2062 20.34 58.56 359.12 327.02 302.54 311,21 337.35 260.23
2063 18.70 54.92 347.70 315.39 303.64 312.42 338.38 261.35
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West Average

Saturated Thickness (Feet)

Gross Margin ($/Acre)

Year Unconstrained Weicg(t)\ltl:;yDF c Regional DFC Unconstrained Weicg?:::(tinF C Regional DFC B
2014 155.75 155.75 155.75 342.57 334.69 337.54 J
2015 153.47 153.47 153.51 349.42 331.59 337.85 J
2016 151.18 151.18 151.27 355.92 327.71 338.09 J
2017 148.89 148.91 149.03 362.10 323.40 338.26 J
2018 146.60 146.65 146.78 367.99 319.27 338.37 J
2019 144.31 144.40 144.54 373.62 315.19 338.42
2020 142.02 142.18 142.30 379.02 311.31 338.43
2021 139.74 139.97 140.06 384.17 307.61 338.39
2022 137.45 137.78 137.82 389.10 304.08 338.32 |
2023 135.16 135.60 135.58 393.81 300.73 338.21 J
2024 132.87 133.44 133.34 398.29 297.53 338.06 J
2025 130.58 131.30 131.10 402.56 294.48 337.89 J
2026 128.29 129.17 128.85 406.58 291.57 337.69 J
2027 126.00 127.06 126.61 410.39 288.81 337.47 J
2028 123.72 124.96 124.37 413.97 286.13 337.23 J
2029 121.43 122.88 122.13 417.35 283.21 336.97 J
2030 119.14 120.82 119.89 420.52 280.44 336.70 J
2031 116.85 118.79 117.65 423.47 277.81 336.40 J
2032 114.56 116.77 115.41 426.23 275.32 336.10 J
2033 112.27 114.78 113.17 428.78 272.96 335.78 J
2034 109.99 112.81 110.92 431.11 270.72 335.45
2035 107.70 110.86 108.68 433.17 268.59 335.11
2036 105.41 108.93 106.44 433.30 266.58 334.97
2037 103.13 107.02 104.21 428.68 264.67 334.81
2038 100.90 105.13 101.98 424.10 262.86 334.62 J
2039 98.72 103.26 99.77 419.62 261.15 334.41 J
2040 96.57 101.41 97.56 415.25 259.50 332.81 J
2041 94.45 99.58 95.39 411.03 257.96 330.99 J
2042 92.37 97.76 93.28 406.97 256.50 329.33 J
2043 90.32 95.97 91.21 403.06 255.13 327.82 J
2044 88.30 94.19 89.18 399.30 253.85 326.22 |
2045 86.31 92.43 87.19 393.39 252.61 317.36
2046 84.35 90.68 85.29 384.06 251.40 308.96
2047 82.46 88.95 83.47 375.10 250.17 300.99
2048 80.63 87.24 81.73 366.52 248.92 293.43
2049 78.84 85.55 80.06 358.32 247.65 286.24
2050 77.11 83.87 78.46 350.49 246.35 279.39
2051 75.42 82.20 76.92 343.01 245.00 272.87
2052 73.77 80.56 75.44 331.97 239.54 266.65
2053 72.18 78.94 74.02 320.72 232.91 260.72
2054 70.64 77.37 72.65 310.03 226.57 255.05
2055 69.16 75.83 71.33 299.88 220.51 249.63
2056 67.72 74.34 70.06 290.23 214.72 244.45
2057 66.33 72.88 68.83 278.54 206.65 239.49
2058 65.00 71.46 67.65 267.10 198.61 234.74
2059 63.72 70.09 66.51 256.25 190.98 230.19
2060 62.49 68.77 65.40 245.99 183.74 225.83
2061 61.31 67.48 64.33 236.29 176.66 221.65
2062 60.17 66.25 63.30 227.13 169.82 217.64
2063 59.07 65.05 62.30 218.50 163.35 213.79
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