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1.0 Introduction

This repoft describes the analysis of reduced water supply to the State of Kansas caused
by overuse of Nebraska's allocation on the Republican River for the years 2005 and
2006. The Republican River Compact allocates the available water supply of the
Reptrblican River Basin among the States of Kansas, Nebraska and Colorado. The Final
Settlement Stiptrlation (FSS) and Accounting Procedures, approved in the Supreme
Cour-t's Decree of May 19,2003, specify the methods to be used to quantify each State's
Computed Beneficial Consumptive Use (CBCU) and allocation. For Water-Short Years,
a two-year test of compliance is specified, in which the Nebraska CBCU upstream of
Gt¡ide Rock is comparcd to the Nebraska allocation upstream of Guide Rock. Nebraska
was not in compliance with the Water-Short Year test for 2005 and 2006. The analysis
presented in this repoft was developed to detennine how the water supply unavailable to
the State of Kansas due to overuse in Nebraska for the two years would have been used if
Nebraska had beerr in compliance with the FSS.

Nebraska's overuse upstream of Guide Rock for the two years totaled 78,960 acrc-feet.
This overuse was computed for the two years fiom the RRCA compact accounting (see
Attachment l). The figure for 2005, 42,860 acrc-ft, has been agreed to by the States in
the "Stipulation of the States Concerning Accounting of Overuse by Nebraska."
Nebraska's overuse for 2006 has not been agreed to by the States, due to differcnces in
allocation of reservoir evaporation for Harlan County Reservoir (HCR) and whether the
Accounting Procedures, as applied to 2005 and 2006, should be changed. The total
amount of HCR evaporation for 2006 is not in dispute. Nebraska's five-year compact
conrpliance status is shown on Attachment 2. The year 2007 was a Water-Shoft year for
purposes of FSS accounting. Nebraska's overuse for the two years 2006 and 2007 totaled
26,150 acre-feet. Attachment 3 provides the Water-Short year accounting for these years.
The figtrres for 2007 are based on data subrnitted by the states to the RRCA and
accounting pursuant to the Accounting Procedures.

The overuse in Nebraska for 2005 and 2006 reduced the water supply available to the
Kansas Bostwick Imigation District (KBID). The KBID water supply frorn the
Republican River is diverted at Guide Rock, in Nebraska, through the Couftland Canal.
KBID receives direct flows from the Republican River and water from storage in HCR.
KBID shares water divefted at Guide Rock with the Nebraska Bostwick lrrigation
District (NBID). NBID has irrigated land north of the river under the Superior Canal and
south of the river under the Couftland Canal. The actual water supply available to KBID
for 2005 and 2006 was limited by the water in storage at HCR, such that, had Nebraska's
total overtlse been available at Guide Rock, it would have been used by KBID. This
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analysis derived the amount of water that would have been delivered to water users in the

KBID service area. The additional supply would also have produced additional

strcamflow in the Republican River at Hardy and downstream of KBID lands, which
would have rcsulted in additional diversions for use in Kansas. Finally, additional flow
would have rcached Milford Reservoir downstream in Kansas. The results of this

investigation have been provided to the Kansas economists for the purpose of computing

economic losses to the state of Kansas due to the shortages caused by overurse in

Nebraska.

The analysis included the following components:

Determine the additional supply available to Kansas at the Stateline by deducting

additional rcservoir evaporation and transit loss between the Courtland Canal

headgate and the Stateline.

2.

J

4.

Compare the available supply with the normal demand and existing supply in

KBID.

Determine the amount of increased water supply at the fann in KBID, based on

estimates of systern losses in the Couftland Canal system.

Determine the additional return flows to the Republican River at Hardy and below

KBID and the amounts that would have been divefted by downstream water users.

2.0 Description of KBID System

The Courtland Canal divefts fi'om the Republican River near Guide Rock, Nebraska and

delivers water to the KBID service area, located in Jewell and Republic Counties, west of
Republic (See Figure l). The total service area is approxirnately 43,000 acrcs. Lovewell

Reservoir, with a maximum capacity of approxirnately 56,000 acre-feet, is located in the

service area and rercgulates the Republican River supply from Courtland Canal. The

service area consists of the upper section, approximately one-third of the service area

above Lovewell, and the lower section, which receives water out of Lovewell. The

Couftland Canal has a capacity of 530 cfs at the Nebraska Stateline and 440 cfs

downstream of Lovewell. Courtland Canal is also operated at times outside of the

irrigation season to supply water to Lovewell when needed. During the irrigation season,

releases fro¡n HCR are made at the rcquest of KBID and NBID.

During 2005 and 2006, some of the service area in KBID did not rcceive water due to

severe water supply shoftages. USBR records document 24,500 acres irrigated in 2005

2
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and 28,600 acres irrigated in 2006. For the lands actually receiving water, an average of
approxirnately 6.9 inches were delivered in 2005 and 2006. KBID's base allocation is l5
inches.

Figure I shows the location of the Coumland Canal, the KBID service area and the
Republican River below KBID lands. Return flows from the Couftland Canal and the
KBID service arca rcach the Republican River and tributaries and arc available for
diversion or recharge to the alluvial aquifer downstream.

3.0 Additional Losses Above Stateline

It was assumed that the additional 78,960 acrc-feet supply to Kansas would have been
regulated through HCR. For purposes of this analysis, canal and lateral seepage and
wasteway discharges and reservoir seepage and evaporation are collectively referred to as

system losses. Based upon historical,lgg4 -2006, evaporation and supply data from the
Bureau of Reclamation (BOR), the additional amount of evaporation was determined.
BOR data for HCR are surnmarized in Appendix A. Gross evaporation was assumed to
be a function of the HCR supply available before July of any given year. A relationship
between gloss and net evaporation rates was obtained independent of the supply. Over
the two-year period, the additional supply to HCR would have resulted in an increase of
approximately 4,000 acre-feet of net evaporation, assumed to be allocated to Kansas.

Additional transit losses in Nebraska would have also occurred due to the additional
sttpply. An analysis was made to calculate the additional loss in the Couftland Canal
with the additional supply added to the historical diversions (Appendix B).

The historical record, 1994 - 2007, was divided into two seasons, irrigation (May -
Septernber) and non-irrigation (October - April). Total volumes for the summer. season
were calculated and a relationship of canal loss to diversions was developed for the
historical record (Appendix B-l). Appendix B-2 summarizes the summer season
diversions, Stateline delivery and calculated loss. Couftland Canal loss was calculated as
the difference between the headgate diversion and Stateline flow, less any water diver-ted
by NBID.

The additional water was assumed to be delivered to Kansas during the irrigation season.
The relationship of loss and diversions was applied to the total diverted volume of water.
The additional supply, after deducting the additional HCR evaporation and Courtland
Canal transit loss, was added to the historical seasonal diversions, which resulted in
adjusted diversiorrs, measurcd at the Stateline, of 59,382 acrc-feet in 2005 and 56,585
acre-feet in 2006. Loss was calculated based on the relationship developed in the curve

3
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shown in Appendix B-1. The curves and adjusted values are plotted with the historical

values in Appendix B-1. The resulting additional volume of water delivered at the

Stateline for diversion by KBID was 37,776 acre-feet in 2005 and 31,677 acre-feet in

2006. Appendix B-3 summarizes the results of the Couftland Canal loss analysis fì'om

Guide Rock to the Stateline, historical and adjusted.

Applying the assumptions in the RRCA Accounting,l8o/o of the Cour-tland Canal loss in

this reach would be consumed. Of the 5,449 acre-feet of additional loss calculated, this

would be approxirnately 1,000 acre-feet or approxirnately 500 acre-feet/year. Thercforc,

approxirnately 4,500 acre-feet of the total loss would eventually reach the Republican

River above the Hardy gage as stream gain and be available for diversion by users in

Kansas located on the rnainstenr, assuming no additional water would be diverted by

users in Nebraska.

Additional evaporation and transit losses allocated to the State of Kansas and the

resulting net Stateline supply were as follows:

Additional Losses in Nebraska Assigned to Kansas
(200s - 2006)

(acre-feet/year)

Additional

HCR

Evaporation

Additional

Transit Losses

in NE

Net Available

Stateline SupplyYear

Additional

Supply

42,900 I,300 3,800 37,8002005

2006 36, I 00 2,700 I,700 3l,700

Note: Figures are ror¡rrded

4.0 Analysis of Additional Water Supply to KBID for 2005 and 2006

The amount of water available to KBID at the Stateline through the Couftland Canal, if
Nebraska use had been within its allocation for the two years, was allocated to fann

deliveries and system losses. Historical operational records were used to compute the

effìciency of the Courtland Canal system to deliver water to the users served with project

water in KBID. The additional water available to KBID water users at the fanns was

computed, using the efficiencies for canal, lateral and Lovewell Reservoir operations

derived from historical records.

Records are available for water delivered into each of the two KBID sections (above and

below Lovewell), discharges from canal and lateral wasteways, deliveries to the fanns

4
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and computed canal loss. KBID also repofts the acreage receiving water each year.
These data for the period of 1994 - 2007 werc compiled and used to derive loss
rclationships for each component, as a ñrnction of supply. This period was selected to
plovide a reasonable number of years with facilities and operations at current conditions
in the district. Data for KBID water use over this period are included in Appendix C.

System efficiencies were developed separately for deliveries of water in the Upper. and
Lower KBID service area. Deliveries for the two years, as obtained from the Bureau
annual repofts, were as follows:

USBR Data
(2005 and 2006)

Upper KBID 200s 2006

Acres I,107 5,925

Deliveries (acre-feet/yr) 56t 3,353

Inches 6.r 6.8

Lower KBID

Acres 23,439 22,655

Del iveries (acre-feet/yr') 12,040 14,610

Inches 6.2 7.7

Total KBID

Acres 24,546 29,590

Del iveries (acre-feet/yr) 12,601 t7,963

Inches 6.2 7.5

The acreage normally irrigated in KBID and farm deliveries, when adequate water supply
is available to KBID, are indicated by supplies from 1994 to 2000. These averaged
38,000 acres and 13.5 inches per year over that period, or about 42,800 acre-feet/yr.
Actual deliveries for 2005 and 2006 were approximately 29Yo and 42Yo of normal,
rcspectively.

The systern efficiency fordelivery of the additional water supply to the fanns was based
on the delivery efficiency for the total supply. This was determined by applying the
efficiencies derived frorn historical delivery records to the water supply that would have
been available to KBID. Relationships of losses to water supply were derived separately

5
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for canal, lateral and Lovewell Reservoir (see Figures 2-6). [t was necessary to allocate

deliveries for the two sections above and below Lovewell, since the system losses are

different for deliveries to each sectiono and reservoir losses are incurred for water

delivered to the lower section. The historical data werc used to detennine this allocation.

The total amount of water that would have been delivered to the far¡ns in each of the two

sections does not depend on the actual acreage assumed to have been irrigated in each,

but would be dependent upon the allocation between the two sections. The amount of
acrcage irrigated was determined by the econornists, based on the available supply and

historical acrcage.

The analysis was made on a seasonal basis. The water supply for KBID is regulated

through reservoir storage, providing KBID with the ability to use allocations when

needed. Typically, KBID water users take water during the months of May through

Septernber. It has been assumed that the water would be available to KBID from HCR

during the irrigation season and reregulated through Lovewell as needed.

The percentage of canal loss was obtained from the relationships shown in Figures 2 and

4. Lateral losses were determined to be 40o/o above Lovewell and 37o/o below Lovewell,

based on the relationship of historical records shown in Figures 3 and 5.

Some loss of water delivered to Lovewell Reservoir for use in the lower Section would

have occurred. This was estimated based on historical relationship of reservoir loss to

supply. Annual losses were compared to supply, as shown on Figure 6.

Additional water supply cornputed to be available to KBID was added to the existing

supply. The relationships of losses to water supply were used to cornpute canal, lateral

and reservoir loss. After deducting these losses, the rernaining supply available to the

farms was computed. The rccords used for historical KBID operations were those

prepared by the USBR, and indicated a small amount of delivery to the section above

Lovewell in 2005, although the KBID records indicated no delivery in this section.

5.0 Summary of Additional KBID Supply

For the two yearso the combined additional supply at the Stateline was 69,500 acre-feet.

After deducting losses, the farm deliveries for the two years would have increased by

approximately 39,000 acre-feet. Additional delivery to fanns was computed to be 20,900

acre-feet in 2005 and 18,100 acre-feet in 2006. Tables l-3 summarize the results of the

analysis of additional supply to KBID.

6
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6.0 Return Flows from the courtland canal in Nebraska and KBID

Water deliveries to KBID cause stream gains below Guide Rock due to return flows
downstream of the Courtland Canal and the District lands on the Republican River and
tributaries. Return flows result ftom canal, lateral and fìeld losses. Return flows consist
of surface flows and deep percolation reaching the streams. Surface returns, tenned
wasteway flows, are measured and reported for the KBID service area. Return flows
werc computed as the sum of canal and lateral losses, combined with on-farm rcturn
flows, computed from estimated irrigation efficiencies. Return flows resulting from the
additional water use on KBID lands would have been available for divercion to non-
KBID fanns located below the District, downstrearn to Clay Center, Kansas in Clay
County.

The canal and lateral losses attributed to the additional water supply wete determined as
described above. To determine the amount of return flow, l8%o was deducted fìom the
farm, canal and lateral losses (excluding measured wasteway discharge), to account for
evaporation.

The return flows attributed to seepage and deep percolation frorn KBID lands in large
paft are collected and dischalged through drains constructed in the service area. During
the 1960s the USBR started installing dminage systems in KBID. After the USBR
drainage progmm ended in the 1980s, the District installed additional drains. There are
approximately 300 miles of drains located throughout the KBID service area.

The amount of return flows generated by the additional supply that would have been
available to the downstream water rights within the irrigation seasons of 2005 and 2006
depends on the timing for flows to reach the streanrs. An analysis was made to detennine
approximate tirning for the groundwater return flows fi'om District lands to accrue to the
streams. The purpose of this analysis was to confirm that the return flows would have
been available in the streams at sufficient rates to supply the additional diversions that
would have occurred, as derived below. An analytical method, which considers the
geologic propefties of the aquifers and the distance from the service area to the tributary
streams and river, was used for this purpose. The primary parameters necessary for the
analysis arc transmissivity and distance. The distance of groundwater flow depends on
drainage conditions.

Where aftificial drains have been installed the travel time is reduced signifìcantly when
comparcd to natural conditions. The dmins in the service area discharge return flows
relatively soon after water is applied. Parameters werc developed for both drained
conditions and natural, undrained, conditions. It was assurned for the analysis that 75Yo

7
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of the lands in KBID were dmined by constructed drains. lnformation obtained frorn the

District indicates that effectively rnost of the District lands are served by constructed

drains.

The analytical method, referred to as the Glover rnethod (Glover, 1977), was applied to

detennine the timing of return flows to the strcam system generated by additional water

supply delivered to the KBID lands. The elements of return flows included canal and

lateral seepage and farm return flows. The pararneters for the analysis were derived from

available repofts docurnenting aquifer parameters. The distances used in the analysis

were developed from mapping of the service area. Weighted distances and aquifer
parameters were derived for the Upper and Lower sections of KBID. Appendix D

summarizes the inputs used in the analysis. Return flows were separated between surface

water (wasteway discharge) and deep percolation. Return flow schedules were developed

for drained and undrained conditions. Separate schedules werc developed for the Upper

and Lower sections of KBID.

Return flows from lands that are drained were detennined to reach the stream within a

shoft period of time, effectively within two months of occurrence. For areas that may not

be dminecl, the timing is longer due to the distance to the streams and aquifer

characteristics.

Total retr¡rn flows frorn KBID attributable to the additional supply, werc computed to be

approximately 15,000 acre-feet in 2005 and approxirnately 12,300 acre-feet in 2006.

During the irrigation season, the volurne of increased return flow reaching the tributaries

and river was 14,775 acre-feet, at rates up to 49 cfs for 2005, and 11,540 acre-feet, at

rates up to 38 cfs for 2006. Results are summarized in Appendix D.

Republican River water rights in Kansas were under Minimurn Desimble Strearnflow

(MDS) adrninistration the entire 2005 and 2006 period. MDS requirements are part of
the Kansas Water Appropriation Act. When flows drop below established thresholds,

water rights granted after 1984 are subject to diversion or pumping restrictions. The

additional water frorn KBID return flows were added to historical flows at Concordia and

cornpared to MDS for the period. Based on records and discussions with Kansas

officials, the additional flows would likely not have been enough to remove MDS

administration in either year. Therefore, diversions of KBID return flows were limited to

water rights senior to priority of the MDS.

Non-KBID farms would have used more irrigation water had it been available. Active
irrigation surface water rights senior to MDS that werc shoft in 2005 and 2006 were

identified and are summarized in Appendix E-2. Water rights werc limited to those

8
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located between Spring Creek and Clay Center, KS, including rights on the mainstem and
tributaries. The total average acre-feet used for the 1994 - 2004 period was calculated.
The additional diversions were considercd to be the differences between actual for each
year and the average. Computed additional diversions that would have been used by
senior irrigators from KBID retum flows in 2005 and 2006 totaled approximately 2,500
acrc-feet for the two-year period.

An additional set of senior surface water rights in Kansas were identified on the
Republican River mainstem between the Stateline and the confluence with Spring Creek
(Appendix E-4). Senior surface rights in this reach would have used additional water had
it been available at Hardy. Water users in this section of the river would have had access
to the additional water available at Hardy attributable to the Courtland Canal losses
occurring above the Stateline in Nebraska. Computed additional diversions in this
section totaled approxirnately 1,300 acre-feet for the two-year period.

The amount of additional rcturn flow remaining undiverted would have been substantial.
Milfotd Reservoir is located downstream of Clay Center and would have received
additional inflows. The additional flow at Clay Center was estimated as the return flows
tninus the additional diversions of the non-KBID water rights. The amounts are 16,400
acre-feet in 2005 and I 1,600 acre-feet in 2006. Table 4 is a summary of the derivation of
the additional supply in Kansas frorn the overuse in Nebraska.

7.0 Summary

In summary, water users in Kansas would have received approximately 39,000 acre-ft on
the KBID lands and diverted approximately 3,800 acrc-feet to senior in'igators in 2005
and 2006 if the 78,960 acre-ft of overuse in Nebraska had been received at the Stateline.
The analysis of additional water supply is summarized as followed:

Additional Water Supply in Kansas
(200s - 2006)
(acre-feet/yr)

9

2005 2006 Total

KBID 20,934 r 8.079 39,0 r 3

Downstream Senior Water Rishts 1,727 2.104 3.83 r

Total 22,661 20. r 83 42.844
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Table 5C: Nebraska's Comoliance Durinq Water-Short Year Administration (from App. C of the FSS p. C65).

Credits
from
lmported
Water

Difference
Between
Allocation and
Consumptive Use
Minus lmported
Water Supply
above Guide
RockYear Allocations

Computed Benefi cial Consumptive
Use (CBCU)

Column Col 1 Col2 Col 3 Col 4 Col 5 Col 6 Col 7 Col I

State Wide
Allocation

Allocation
below

Guide Rock

State \Mde
Allocation

above Guide
Rock

State Wde
CBCU

CBCU
Below
Guide
Rock

State Wide
CBCU
Above
Guide
Rock

Credits
above
Guide
Rock

Col3-(Col6-
Col 7)

194,864 253,740 4,052 249,688 11,965 (42,860)2005 199,450 4,586

236,150 3,064 233,086 12,214 (36,1 00)200ô 187,060 2,290 184,770

3,560 241,390 12,090 (39,480)Average 193,260 3,440 189,820 244,950

Attachment I
Nebras ka's Violation of Water-Short Year Ad m i n istration Req u i rement

2005 - 2006

*All average and total values are rounded to the nearest l0

For 2005, two accor¡ntings rvere ap¡rroved by tlrc RRCA. The diÍïerence rvas caused by dispute over the inclusion or exclusion

ofevaporation fronr non-federal reservoirs in Neblaska belorv l-larlan County Reservoir. The values displayed are front tlte

accounting includes all non-federal resewoir evaporation in Nebraska. as proposed by Kansas.

For 2006, no accounting rvas approred b¡'the RRCA. Only' input data lor the accounting rvas approved.'Ihe values displayed are

consistent \vith the Kansas position on accounting iuclusive of(l) all non-federal resen,oircvaporation in Nebraska and (2) a

Harlan County Reservoir evaporation assignnrent nrethod that assigns evaporation to both Kansas and Nebraska rvhen only

one State takes water from Harlan County Storage.

200

Note: Attachnrent I ofthe Decenrber 19,2007 letter to Ann Bleed ÍÌom David Barfield rvith revised 200ó values

resulting ñ'om corrections nrade in the RRCA accor¡nting spreadsheet.

Computed Beneficial Consumptive
Use (CBCU)

Credits
from
lmported
Water

Difference
Between
Allocation and
Consumptive Use
Minus lmported
Water Supply
above Guide

Year Allocations
Column Col't Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col I

State \Mde
Allocation

Allocation
below

Guide Rock

State Wde
Allocation

above Guide
Rock

State Wde
CBCU

CBCU
Below
Guide
Rock

State Wde
CBCU
Above
Guide
Rock

Credits
above
Guide
Rock

Col3-(Col6-
Col 7)

Totals 386,510 6,880 379,630 489,890 7j20 482,770 24180 (78,e60)

l2
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Attachment 2
Nebraska's Five-Year Running Average Allocation and Computed

Beneficial Consumptive Use for Determining Compact Compliance
2003 -2007

*All arerage and total valuÈs are rounded to the nearest 10.

The values for 2003 and 200-l rvere approved by the Republican River Cornpact Adrninisrration.

For 2005, ttvo âccountings rvere approved by the RRCA. The difference rvas caused by tlispute over the inclusiorr or exch¡sion ofevaporation
froln non-federal reservoirs tn Nebraska belorv Harlan Count¡' Reservoir. The values drsphyed are fronl the accounting includes all non-
feder¡l rescrroir evaporation in Nebraska, as proposed by Kansas.

For 200ó, no accounting rvas appror,ed by the RRCA. Only input data for the accounting rvas ap¡>roved. The values displayed are

consistent rvith the Kansas posit¡on on accounting rnclusive ol( I ) all non-lèderal reservoir evaporation ¡n Nebraska and (2) a
Harlan Countv Reservoir evaporation assignrnent n¡ethod that assigns evaporation to lroth Kansas and Net¡raska rvhen only
one State tâkes ìvater from Harlan Counq. Storage

For200T,noaccountingr\,asapprovedbytheRRCA ThevaluesdisplayedarefronranaccountingconsistentìviththeKansasposattou
on Harlan County Reservorr evaporation.

The totals are below:

Note: AttÍtchment 2 of the Decernber 19, 2007 letter to Ann Bleed frorn David Barfield rr,ith revised 200ó values

resulting t'ro¡n corrections ¡nade rn the RRCA accounting spreadsheet

Allocation and CBCUble 3C: Nebraska Cof
Col. 1 Col.2 Col.3 Col.4

Year Allocation
Computed Beneficial

Consumpt¡ve Use
Credits from lmported
Water Supply Credit

Difference between
Allocation and Computed
Beneficial Consumptive

Use minus lmported Water
Suoolv

2003 227,580 262,780 9,782 (25,420)

2004 205,630 252,650 10,386 (36,630)

2005 199,450 253,740 11,965 (42,330)

2006 187,060 236,150 12,214 (36,880)

2007 244,380 242,830 21,933 23,480

Average 212,820 249,630 13,260 (23,560)

Year Allocation
Computed Beneficial

Consumotive Use
Credits from lmported
Water Supply Credit

Difference between
Allocation and Computed
Beneficial Consumptive

Use minus lmported Water
Supplv

Totals for 2003 to
2007

1,064,100 1,248,150 66,280 (117,780)

l3
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Attachment 3
Nebraska's Vio lation of Water-Sh ort Yea r Ad mi n istration Req u i rement

2006 -2007

*All average and total values are rounded to the nearest 10.

For 200(r. no accounting rvas approved b¡'the RIìCA. Only input data lor the accounting n,as approved.'l'he values displayed are

consistent rvith the Kansas ¡rositiorr orr accourrting inclusivc of(l) all non-fèderal reseruoir evaporatíon in Nebraska and (2) a

[-larlan Countl, Reservoir cva¡roration assignnrent rrrcthod that assigns evaporation to both Kansas and Nebraska s4tcn only

one State takes rvater fiom Flarlan Countl'Storage.

For 2007. no accounting rvas approvecl by the RRCA. 'fhe values clispla¡,ed are f'ronl an accounting consistent \vith the Kansas position

on I-larlan Clount), Reservoir evaporation.

Totals fìrr 2006 ancl 2007 fiom table 5C

able 5C Nebraska's Com nce Water ear n from Apr 165).

ear Allocations
Computed Beneficial
Consumptive Use (CBCU)

Credits from
lmported
Water

Difference
Between Allocation
and Consumptive
Use Minus
lmported Water
Supply above
Guide Rock

Column Col 1 Col2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8

State Wide
Allocation

Allocation
below

Guide Rock

State Wide
Allocation

above Guide
Rock

State Wide
CBCU

CBCU
Below

Guide Rock

State Wide
CBCU
Above

Guide Rock

Credits
above

Guide Rock

Col3-(Col6-
Col 7)

2006 187,060 2,290 184,770 236,1 50 3,064 233,086 12,214 (36,1 00)

240,060 21,939 9,9502007 244,380 16,31 1 228,069 242,830 2,770

239,490 2,920 236,570 17,080 (13,080)Average 215,720 9,300 206,420

Year Allocations
Computed Beneficial
Consumotive Use (CBCU)

Credits from
lmported
Water

Difference
Between Allocation
and Consumptive
Use Minus
lmported Water
Supply above
Guide Rock

Column Col 1 Qol2 Col 3 Col 4 Col 5 Col 6 Col 7 Col I

Allocation
below

Guide Rock

State Wide
Allocation

above Guide
Rock

State Wide
CBCU

CBCU
Below

Guide Rock

State Wide
CBCU
Above

Guide Rock

Credits
above

Guide Rock

Col3-(Col6-
Col 7)

State Wide
Allocation

Totals 431,440 18.600 412,840 478,980 5,830 473,150 34,150 (26,1 50)

l4
KS000371



FIGURES

l5
KS000372



R¡ver

Thayer

Cloud
*

Concordia

Repuhlic

Nuckolls

Hardy
*

t eê¡

Figure I
Courtland Canal and KBID

Location Map
l¡ob: C@rd!ñd Crn.¡ þ. d.¡h!&d trø 100 k USGS q@drtrEl.¡ .d
KglO eMo .r.. d.tÉ.ldt ba.d on USSOR (1961 ).

^^æ RePublican R¡ver

a^.¡- Courllandcanal

^Âæ Sl¡eams

* cities

B KB|DServíceArea

Ef counries -$-
"t'

Eu¡t""
31.503

ApFoHm.þ Sel.

Webster

Nebraska

*
Guide Rock

Canal

Lovewell

Kansas

Jewell

t6
KS000373



èR

(t,
t¡t
oJ
(o
c
(It
(J
Lo
o-
o-
f

so%

40%

Figu re 2
Above Lovewell Canal Loss vs Courtland Canal at

Neb raska- Ka nsas Statel i ne

a
a

20

30%

LO%

o%2

0%

0 40 60
April - September Stateline Flow

(L,000 acre-feet)

80 1-00

y=-0.005x+0.423L
R2 = 0.7876

oa

o

t7

KS000374



s
o
þo
(o
Pc
o(J
o
ô-
.^(^
oJ

a
o

40%

30%

Figure 3

Above Lovewell Lateral Losses vs Supply

a
a O Lateral Loss % Upper

I Lateral Waste %Upper

o
20%

L0%
t

0%

0 L0 20
April - September Lateral Supply

(1,000 acre-feet)

30

Avera 0%L

e = 30%oAvera

l8

KS000375



a

a

a
a

o

40%

30%

20%

LO%

o%

v,
th
o

õc
8B:oOTàoírh
ðÕ

3o
o
co

Figu re 4
Lovewell Reservoir Release vs Below Lovewell Canal Loss

t

L00 20 30 40
Lovewell Reservoir Release

(1,000 acre-feet)

50 60 70

y=-0.0032x+0.2574
R2 = A3322

r9

KS000376



o

I
OI

o

a

I

40%

30%

20%

LO%

o%

èR

o
oo
(o

o(J
(u

CL
v,tn
o

Figure 5
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Table 1

Summary of KBID Water Supply Analysís

2005 - 2006
(acre-feet)

H¡storical Adiusted Add¡tional

3
TLo
¿
ÉL

o
3o
o
o
o
¡l

3
Él
o,t^
¿
CL

oìo
o
J

ì
-9o
ao

Water Year

Courtland Canal at Nebraska-Kansas Stateline

Courtland Canal Loss Above Lovewell Reservoir

Courtland Canal Waste Above Lovewell Reservoir

Courtland Canal Water Diverted by Upper Main Farm

Headgate Delivery and Upper Laterals

Upper Main Farm Headgate Delivery

Upper Lateral Diversion

Upper Lateral Waste

Upper Lateral Loss

Upper Lateral Farm Headgate Delivery

Delivery to Lovewell Reservoir

Release from Lovewell Reservoir

Courtland Canal Loss Below Lovewell Reservoir

Courtland Canal Waste Below Lovewell Reservoir

Courtland Canal Water D¡verted by Lower Main Farm

Headgate Delivery and Lower Laterals

Lower Main Farm Headgate Delivery

Lower Lateral Diversion

Lower Lateral Waste

Lower Lateral Loss

Lower Lateral Farm Headgate Del

Total Farm Delivery

Note: Waste is defined in USBR records as measured wasteway discharges.

2006 200s 2006 2005 2006

561

561

0

0

0

0

16,065

5,154

759

4,395

20r

1,600

2,594

7,344

2005

19,301

2,67s

0

22,232

L79

22,053

2,779

7,4L3

11,861

2t,t47

8,649

0

24,551

532

24,0\9

3,133

6,808

74,078

37,776

s,185

0

12,939

184

L2,755

7,844

910

3t,677

-252

0

48,656

638

16,851

1.,690

5,050

10,111

15,102

39,273

s30

t3,7L5

1,6L5

3,828

8,272

t7,683

25,916

3,684

0

27,851

3,300

0

t4,76L

L,822

0

t5,470

2,22r

0

73,249

-t42

1.3,391

1,83s

2,r37

9,419

t2,60t t7,963 33,535 36,042 20,934 18,079

52,824

8,398

0

44,427

L,289

1.8,110

1,816

5,428

r.0,866

25,027

57,077

7,860

0

49,2L7

L,799

16,851

1,690

5,050

10,111

3t,L67

40,677

5,506

0

35,L7L

363

34,808

4,623

8,323

43,321

5,527

0

37,800

390

37,4L0

4,968

8,945

23
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Table 2

Summary of Lovewell Additional Water Supply

2005 - 2006
(acre-feet)

Historical Adjusted Additional

Water Year and Annual 2005

L6,065

10,009

5t4

26,588

-7,248

25,9L6

7,344

5,682

-L32

13,894

-7,022

27,851

2006 2005 2006 2005 2006

3
c.,
a¡t
{.è

ll,to
9

Courtland Canal lnflow

Whiterock Creek lnflow

Non-Courtland Canal Outflow

Net lnflow

Estimated Net Loss

Release to Courtland Canal

L7,68315102

15,102

0

0

0

0

L7,683

-2,2L4-34L

3L,L67

1.0 009

514

41690

-2s89

25,027

6 682

-L32

3L,577

-9,236
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Table 3

Summary of KBID Water Supply Analysis
Farm Deliveries and Acreages

2005 and 2006

(3)

Water Year

Total Delivery to Lower Farms (acre-feet)

Lower Acreage (acres)

Depth of Delivery (inches)

2005 2006

a, ! Total Delivery to Upper Farms (acre-feet)

$ I uno.rocreage(acres)
r Depth of Delivery(inches)

11,310

12,953

10.5

22,22s

25,454

10.5

33,s3s

38,407

10.5

L2,L55

t2,937

11.3

23,887

25,423

11.3

36,042

38,360

11.3

=ãg
så

Total Delivery to Farms (acre-feet)

Total Acreage (acres)

Total of

Notes:
(1) Actual - Data from USBR Annual Operating Plans.
(2) Additional Supply - Results from SWE's KBID Additional Flow Model.
(3) Total adjusted acreagethatwould have been irrigated provided byJoel Hamilton (Table 6, Kansas Damages)

e
aoY

Actual(r) Addit¡onal 
(2)

2005 2006 2005 2006

561

7,L07

6.1

3,353

s,92s

6.8

L2,040

23,439

6.2

14610

22,655

7.7

12,60L

24,546

6.2

17,963

2&s80

7.5

t0,749 8,902

10,185 9,277

20,934 18,079

)a
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Table 4
Derivation of Additional Supply in Kansas from Overuse in Nebraska

2005 - 2006
(acre-feet)

Description 2005 2006 Total

42,960

5,084

37,776

36,100
4,423

31,677

7,008

9,493
341

10,749

10,185
20,934

1,969

9,415
2,214

8,802

9,277
18,079

A. Allocation of Additional Su

Overuse in Nebraska

HCR Evaporation and Transportation Losses in NE

Net Available Stateline

KBID Losses

Canal

Lateral

Reservoir

KBID Farm Deliveries

Above Lovewell

Below Lovewell

Total Farm Deliveries

B. Allocation of Return Flows
(1) Return Flows from KBID

(2) Return Flow Losses

(3) Net Return Flows to Stream
(4) Downstream D¡versions

Total Additional Flow Available at Cla Center
(6) Courtland Canal Loss available at Hardy gage

(7) Diversions occurring between the Stateline and Spring Creek

78,960

9,507

69,453

8,977

18,908
2,555

19,551

79,462

39,013

32,820

5,540

27,280

2,502
24,778

4,468
1,329

(8) Additional Flow Available below Creek 139

(9) Total Additional Diversions 3,831
27,91710 Total Rema Additional Flow

Notes Regard¡nq Allocation of Retun Flows:

(1) Sum of canal, lateral losses and estimated on-farm return flows, computed based on est¡mâted irrigation efficiencies

(2) Applied an 18% evaporation loss on canal and lateral losses

(3) Net Return Flows to 5¡¡s¿rn = (1) - (2)

(4) Additional surface diversions of KBID return flows by irrigators senior to the minimum desirable streamflow

(5) Additional Flow Available at Clay Center (resulting from KBID Return Flows) = (3) - (a)

(6) Uncomsumed portion of the losses occurring from the additional supply in the Courtland Canal reach in Nebraska

(7) Additional surface diversions of Courtland Canal losses in Nebraska by irrigators senior to the minimum desirable

(8) Additional Flow Available below Spring Creek (resulting from Courtland Canal losses in Nebraska) = (6) - (7)

(9) Total Additional Diversions = (4) + (7)

(10) Total Remaining Additional Flow Available at Clay Center = (5) + (8)

18,302

3,288
15,0t4

1,233

13,781

14,518

2,252

12,266

7,269

10,997

3,069
494

2,575

1,399

835

564
t,727

16,356

2,104
LL,567
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APPENDIX A

Harlan County Reservoir Historical Evaporation

and Supply: L994 - 2006
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Appendix A
Harlan County Reseruoir (HCR)

Historical Evaporation and Supply: 1994 - 2006

Annual Gross Annual Nel Net Evap/ Seasonal Supply Gross Evap as

Evap Evap Gross Evap (Jan-Jun) a o/o of Supply

Year acreJeet acre-feet Yo acre-feet %

1995 40,356 14,953 37Yo 421,540 9.670

1996

1997 40,920 20,010 49o/o 416,669 9.8%

1998 41 ,929 1 6,666 40Yo 367 ,157 11 .4To

1999 42,472 15,242 360/o 352,906 12.0%

2000 45,006 20,422 45Yo 358,365 12.60/o

2001 40,833 12,341 3070 314,505 13.0Yo

2002 43,988 29,526 670/o 276,593 15,970

2003 34,307 21,793 640/o 179,391 19.1o/o

2004 30,601 17,013 56% 112,696 27.20/o

2005 32,621 17,705 54o/o 139,441 23.4o/o

2006 29,609 16,298 55% 136,776 21,6Yo

Total 467,025 224,928 48% 3,505,051 13.30/o

Source: Bureau of Reclamation HYDROMET database

Harlan County Reservoir
Gross Evaporation vs Supply

1994 - 2006
(acre-feet)

o ¡
y=102741n(x)-89362

R'?= 0.835

o
50,000

40,000

30,000

20,000

10,000

0

(¡)
o

eî

E(t
(ú

t
,9
eo
o.
(ú

UJ
th
6ô
o
6

c
É

a

0 100,000 200,000 300,000

Jan - Jun Supply (acre-feet)
(BOY Storage Content + Computed lnflows)

400,000 500,000

Add itional HCR Evaporation An alysis (acrefeet)

Adjusted Gross

Evap

Additional Net

EVap

Adjusted

Supply Less

Net EvapYear

Additional

Supply

Adjusted

Supply

2005 42.860 182,301 35,091 1,341 41,519

2006 36,100 172,876 34,546 2,717 33,383
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APPENDIX B

Courtland Canal Headgate Diversions, Stateline

flows and Losses in Nebraska: L995 - 2007
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Appendix B-1

Courtland Canal

Summer Season Loss 
(1) 

vs. Divers¡ons 
(2)

L994 - 2007 (May - Sept Totals)

acre-feet

Summer (May. - Sept)
Canal Loss vs. Diversions

with Adjusted 2005 and 2006 Values

I

ao
+
CJ

C'g

Irc
ü
ftc
(o

Ë:to
L)

12,000

10,000

8,000

6,000

4,000

2,000

0

¡

Y = 7 .73xo'63

R2 = 0.83

¡

¡l

I

r Historical

r Adjusted

- 
Best fit Curve

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000

Courtland Canal Diversions (acre-feet)

Notes:

(1) Loss = diversions at Guide Rock (May - Sept) - NBID diversions (May - Sept) - Courtland Canal at Stateline Gage (May - Sept)

(2) Diversions = Courtland Canal diversions measured at the Statel¡ne

Data Source: USGS Gage f06852500, Courtland Canal at Nebraska-Kansas Stateline and USBR provided BOST-MISC3MWD.XLS and NE-

BOST3MWD.XLS
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Appendix B-2

Courtland Canal
Summer Season Diversions, Stateline and Loss

L994 - 2007 (May - Sept Totals)

acre-feet

(1) (2t

NBID

(3)

Stateline

(4)

LossYear Diversions

1994

1995

1996

t997
1998

1999

2000

2001

2002
2003

2004
2005

2006

2007

58,439

66,943

63,474

65,785

62,934
91,247

55,257

66,376
42,105

7,702
17,863
23,202

44,64r

2,069 45,227

2,159 57,Ogg

Removed

1,556 53,760

2,38t 55,690

2,355 52,957

3,463 79,972
L,982 45,357

2,263 54,632
L,491 32,779

0 6,035

0 L3,434
0 16,992

0 39,934

TL,L42
7,685

8,158

7,724

7,722

8,9L2

7,9L8
9,48L
7,935
1,667

4,429

6,22O

5,707
Average 51,228 L,5!7 42,434 7,277

Notes:
(1) courtland canal, Mile 0.7 (Guide Rock) as compiled by the usBR (Bosr-Mtsc3MWD.xLs)
(2) Courtland Canal - Nebraska as compiled by the USBR (NE-BOST3MWD.XLS)
(3) USGS Gage #06852500, Courtland Canal at Nebraska-Kansas Stateline
(4) Loss = (1) - (2) - (3)

3t
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Year

Appendix B-3

Courtland Canal Losses (Guide Rock to Stateline)

2005 and 2006 Historicaland Adjusted

May - September

acre-feet

Overuseat Adjusted

RockSeason Guide Rock NBID

lrr¡gat¡on

lrr¡gat¡on

Total 41,065

Historlcal

Stateline

0 30,416 LO,649

LossLoss

4t,stg

33,383

59,382

56,585

8,172

7,926

3,743

1,706

Adjusted

Stateline

51,210

48,659

% Adjusted

Loss

t4%

14%

Ad¡ustêd

Adjusted Additional Add¡tionâl ât
Statel¡ne

37;?76

?1,677

z(xl5

2{X¡6

26% 74,902 115,967 16,098 5,449 99,869 69,453 14%

12853

23,202

0

0

13,434

16,982

4A29

6,220

25%

27%
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APPENDIX C

KBID Water Use Data
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9

2,374

0

4,3L0

0

168

3,802

5,623

3,834
2,t28
1,525

r,644

0

0

0

77

0

0
4,665

61

4,788
2,926

2,L56
2,206

0

0

0

0

0

0
4,6t2

0
4,364

3,320

2,537

2,220

0

3,977

0
0

0
0

0

4,633

0

3,898

3,640

L,987

3,t34
2,727

0
2,300

0

0

0

0

1,198

762

0

2,5t2
L,914

4,233
2,694

0

0

0

0

15

0
TI,5O2

0

0

0

1,515

4,665

3,767

0

0
L,!LL

0

t23
0

6,462
0

3,881

4,!!O
4,552

5,867

4,4L3

500

0
8,097

3,636

2U
378

4,L95

0

6,510

5,645

3,078

4,26L
2,630

12,62r
2,666

10,090

8,372

L2,024

9,019

17,971

s,576
6,698
4,17r
1,004

5,359
3,43L

15,311

20,466
23,7fi
27,t28
22,9s9
2r,973
24,459

15,999

23,967

12,074

1,728
770

8,181

76,3t2
2t,76L
20,250

75,787

ts,479
L4,097

23,965

L4,946

L4,656

8,4LO

39

1,900

7,134

Water Year Oct Nov Dec Jan Feb Mar

Appendix C-l
Courtland Canal at Stateline

acre-feet

0

Jun Jul

10 L,282 5,013 3,597 21

45,227

63,386

69,566

53,760

60,145

52,857

98,202
63,831

64,198

56,284
26,O3t

36,405

36,811

Total

56,151

Total

Average 2,093 1,496 1,536 !,7r4 t,324 1,838 2,5L6 3,204 7,39t 16,361 12,837

Source: USGS Gage s06852500, Courtland Canal at Nebraska-Kansas Stateline

Appendix C-2

Above Lovewell Reservoir Farm Delivery

acre-feet

Water Year Oct Dec Jan Feb Mar Jun Jul

L994
1995

1996

1997

1998

1999

2000
2001

2002
2003

2004
2005

2006

2007

L994

1995

1996

L997

1998

1999

2000

2001

2002
2003

2004
2005

2006

2007

It,467
75,427

13,932
77,887

L2,7L7

L4,4û
1&343

LL,994

13,386

8,375

54

651

3,353

Average 0 7 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0
0

0

0

0

0

0
90

0
0

0

0

0

0

0
0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0
0

0
0

0

0

0
0

0

0
0

0

0

0

0

0

0
0

0
0

0
0
0

0
0

0

0

0

0
0

0
0

0

0

0

0
0

0

0

0
0

0
0

0

0

0

0

0

0

0

0
0

0
0

t24
0

0

0

0

0

15

o

2,490

13

3,331

422

2,2t1
1,017

4,626

1,277

1,854

0

0
373
274

66

2,768

8,2s0
5,870
7,847

s,827
9,301

7,475

3,340

7,944

s.363
43

725

2,765

6,772

6,O73

4,577

3,402
4,475

3.6s3

6,O48

6,63s

3,s88

3,O72

11

63

2s8 4L

source: Us Bureau of Reclamation

0 0

34
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0
1,990

0
3,626

0

0
3,130
4,792

3,572
1,189

0
884
873

0
0

0

0
0

0

4,O92

0

3,878
2,006

831

L,SLz

0

0
0
0

0

0
3,997

0
3,s81

2,550

1,828

1,620

0

3,490

0
0

0
0

0
4,027

0
3,355

2,685

1,804

2,473

0

2,Oæ

0
0

0

0

835

764

0

L,740
1,398

3,430

1,968

0
0

0

0

0
0

10,025

0
0
0

1,L28
3,950

2,862

0

0

105

0

0

0
6,825

0

3,O43

3,L67

3,776
5,677
3,s09

0
0

4,875
2,476

0
0

1,838

0

5,470
4,232
2,150

3,749
1,004

3,536

837

2,207

4,180
4,742

2,888

7,668
1.,324

1,686

1,426
LO4

4,t64
478

7,657

3,813

L4,724

7,180

12,075

7,234

16,875

8,933

lt,412
2,061

230

0
1,863

5,318

6,369

10,199

t3,192
8,609

7,876
6,614

14,637
4,356

9,023

3,288
0

t,562
91

4,

6,

Average 7,543 r,O72 1,195 I,420 r,t62 t,S4L 2,L46 2,160 2,646 7,098 6,556

Source: US Bureau of Reclamat¡on Annual Operat¡ng Plans

Appendix C-4
Releases from Lovewell Reservoir

acre-feet

Water Year Oct Nov Dec Jan Feb Mar Jun Jul

Wâter Yeer Oct Nov Dec Jan

Appendix C-3

lnflow to Lovewell Reservoir

acre-feet

Mar

0

iun Jul

0 0 661 6,968 18,254 15,L42

L994
1995

1996

1997

1998

1999

2000

2001

2002
2003

2004
2005

2006

2007

1994
1995

1996

t997
1998

1999

2000

2001

2002
2003

2004
2005

2006
2007

1&169
29,849

40,839

26,t76
32,t96
20,851

62,260
37,336

37,914
31,882

77,216
27,908
18,663

Totâl

31,439

Total
40,361

46,493

46,946

4&831
49,058

49,570

62,745

47,2M
46,557

3s,606
30,134
25,916

27,8sr
35,101

Average 0 0 0 0 42,3L5

o

0

0

0

0
0

0

0

0

0

0

0
0

o
0

0

0

0
0

0

0

0
0

0

0

0

0
0

0

0
0
0

0

0
0
0

0

0

0

0
0
0
0

0

0
0

0
0

0

0

0

0

0

0
0

0

0
0

0

0

0

0

0

0
0

0
0

0
0
0

0
0

0
0

0

0
0

0

0

0
0

0

0

0

0
0

0

0

0

0

0
0
0
0

0

7,254
4U
424

607

369

246
2,O33

0

0

472

982

0

492

7,744
2,L76

13,049

6,514
L2,347

5,46r
15,007

6,744

9,697

3,647

7,477

4,310

4,796

11,560

1&839
L7,279

24,679
79,286
26,946
24,088

16,L66

24,676

19,015

9,7L3
L4,572
73,730

t9,706
19,603

14,737

L5,204
L4,9L2

13,831

2L,327

20,679

L2,LU
72,472

18,022
7,034

8,833

1,51

Source: US Bureau of Reclamation
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0
0
0

0
0
0

0
0
0
0
0
0
0

0
o
0
0
o
0

0
0

0
0
0
0
0

o

0
0

0

0

0

0

0
0

0
0
0
0

0
0

0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0

0
0
0
0
0
0
o
0

0
0
0
0
0
0
0
0

0
0

o
0
0

0
0
0

0
0

0

0
0
0

0

0
0
0

0

0
0
0
0

0

28s

0
0
0
0
0
0

1,928
11

7J9?
1,659

6,7t5
1,162

9,122
2,676

4,529
o
0

1".394

l.ffil
r.96

497e
11,613

toJ25
1¿580
12,267

t9,708.

16,891

8,920

18,064

77,718

40/,?
¿3s3
7,310

148/.2
'1?.,454

8,252

&802
8,609

7,757
13,272

13,661

7,973

8372
11,413

3,æ3
s,699

WaterYear Oct Nov Dec

AppendixC-5
Below Lovewell Reservoir Farm Dellvery

acre-feet

0 0

tw0
1995

1996

1997

1998

1999

2000

2001

2002

2003

200r
200s
2006

19863
27!053
27,?t7
28,818

28A75
30,2t3
39,6?3

271240

3o,sæ
20,490

15,456

12,040

t46to

Average 0

Source: US Bureau of Reclamatlon

0 0 20 2,770 11,¡150 9,3/7 24,213

36
KS000393



APPENDIX D

Summary of KBID Return Flow Timing Analysis:

lnputs and Results
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Appendix D-l
KBID GloverAnalysis

Return Flows to Republican River

Souræ: KBIO lrngaled Area based on 1993 extent of dFlflct (VvRl Repon 98-4162)

lrr¡gated Area and Location Designation

Above KBID . Centro¡ds Used for Glover Distances

Alluvium 
- 

Glover Distances - on-Farm Loss

i-_l Below KBID 
- 

Glover Distances - Canal Loss

f-J tgnoreO for this Analysis ',rt¿* Streams

^.^,æ Republican River * cilies

I I \/ãter-ShedBoundaries

^^.-æ Courtland Canal

-r. Republican RiverAlluvium

63 1.5 0

Miles
J

Approxrmate Sæle

Nebraska

Kansas
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Appendix D-2
Pumping Test Data in the Republican River area, Kansas

Republic

Well Number

1-3W-3bc

1-3W-5aa

1-4W-17ab

1-5W-15ab

2-4W-31bc

3-4W-8ccb

3-4W-17bd

3-4W-17db
3-4W-20aa

3-4W-32da

4-4W-4bc
+4W-4db
4-4W-4dc
4-4W-8ad

4-4W-8bd

4-4W-8dd

4-4W-9ab

4-4W-9ca

4-4W-15cd

4-4W-t7da
4-4W-17dd

4-4W-2lcaa
4-4W-21cab

+4W-22ca
4-4W-22cc

4-4W-27ddc
4-4W-29db
4-4W-33aa

4-4W-34baa

Type of
TestSectionSectionSect¡on

Geologic Transmiss¡vity

1

1

1

1

2

3

3

3

3

3

4

4

4

4

4
4

4
4

4
4
4

4
4

4
4
4

4
4
4

3W
3W
4W
5W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W
4W

3

5

t7
15

31

8

17

t7
20

32

4

4
4
4

4
4

9

9

15

L7

17

2t
27

22

22

27

29

33

34

NW

NE

NE

NE

NW

SW

NW

SE

NE

SE

NW

SE

SE

NE

NW

SE

NE

SW

5W

SE

SE

SW

SW

SW

SW

SE

SE

NE

NW

sw
NE

NW

NW

SW

SW

SE

NW

NE

NE

sw
NW

SW

SE

SE

SE

NW

NE

SE

NE

SE

NE

NE

NE

sw
SE

NW

NE

NE

NW

NE

NW

sw

NE

Section Source

Qd

Qd

Qd
qd
qd

Qa

Qa

Qa

Qa

Qa

Qa

Qw

Qw
Qa

Qa

Qa

Qw
Qa

al
Qa

Qa

Qw

Qw
A'
ai

Qw
Qa

Qw
Qw

sc
sc
sc
sc
sc

OW

sc
sc
sc
sc
sc

SDD

OW

sc
sc
sc
sc
SC

sc
sc
sc

SDD

SDD

sc
sc

SDD

sc
sc
SC

320,000

190,000

288,000

s0,000
60,000

100,000

72,000
45,000

60,000

110,000

50,000

175,000

130,000

75,000

65,000

75,000

125,000

150,000

10,000

200,000

90 000

t70,000
120,000

60,000

95,000

70,000

80,000

140,000

120,000

Source: Fader (1968)

Locat¡on

Summary of Trânsmiss¡v¡ty

AlluviumMedian: K.A.R.5-3-11
r (epd/ft)

1fþ,fxto

Upland loess Depos¡ts Range ofT: Al
al

10,000

60,000

35,000
*Values in

Average

in SWE
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Appendix D-3

Glover lnputs {Alluvial Aquifer Method)
On-Farm Losses

Kansas Bostwick lrr¡gat¡on District

43,7OO

42,40O

43,700

42,400

(21

Sy

0.2

0.2

(3)

X

6,338

4,t25

6,154
9,797

(4)

W

t2,923

7,794

72,923

9,197

(1)

T

Notes:
(L) Weighted transmissivity calculated from pump tests (Fader, 1968 and K.A.R. 5-3-11.)
(2) Estimated specific yield

(3) Average length from point of return to stream calculated in GIS

(4) Average length to boundary calculated in GIS

Appendix D-4

Glover lnputs (Alluvial Aquifer Method)
Canal Losses

Kansas Bostwick lrrigation D¡str¡ct

(1) (3)

T X

Location

Location

Above KBID

Below KBID

Above KBID

Below KBID

(4)

W

(21

Sy

o.2
o.2

Notes:
(1) Weighted transmissivity calculated from pump tests (Fader, 1968 and K.A.R. 5-3-11.)

(2) Estimated specific yield

(3) Average length from main canal to stream calculated in GIS

(4) Average length to boundary calculated in GIS
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Appendix D-5
Glover lnputs (Parallel Drain Method)

Kansas Bostw¡ck lrrigation D¡str¡ct

Locat¡on

Above KBID

Below KBID

(1)

T

43,70O

42,400

(6)

x
(3)(2)

Sy

0.2

0.2

Area

624,454,2L6
1,23L,705,836

(4)

Drain Len4h

532,893
L,05t,107

(s)

Avg Drain Spacing

L,172

1,,172

590

590

Source: Transient Ground Water Hydraulics, Robert E. Glover, Chapter 8

Notes:
(1) Weighted transmiss¡vity calculated from pump tests (Fader, 1968 and K.A.R. 5-3-11.)
(2) Estimated specific yield
(3) Area of KBID based on 1994 - 2000 average (KBID Annual Reports)
(4) Estimated total lenth of drains within the KBID service area - assuming 300 miles of drains

(reference email from Kenny Nelson, 9/I6lZOLll
(5) Calculated as (3) / (a)

(6) Midway between drains, Calculated as (3) / 2, rounded to the nearest tenth
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Return Flow Factors

oooooooooooooooooooçr ô¡ cn sf lô (o l\ oo ('ì I s : s s g s Þ 3
Months

0.025

0.020

0.015

0.010

0.00s

0.000

-On-Farm 

Loss

-canalLoss

Appendix D-6
Glover Results (Alluvial Aquifer Method)

Above KBID

Note:

The factors were calculated until 90% percent returns to the river. The

remaining 10% percent was distributed evenly among the factors.

Cu mulative Percent Recovery

ooooooooooooaooooooF{ ô¡ fn ç rô (o N 0o or I g $ I s n I à 5
Months

t00o/o

90o/o

80o/o

7Oo/o

600/o

50o/o

40o/o

30o/o

20o/o

LÙo/o

Oo/o

-On-Farm 

Loss

-Canal 
Loss
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Return Flow Factors
0.0s0

0.045

0.040

0.03s

0.030

0.025

0.020

0.015

0.010

0.005

0.000

-On-Farm 

Loss

-f,¿¡¿l 
!65s

o qooaaAoooo
Flô¡ôrçñrõñÕõ=

Months

Appendix D-7
Glover Results (Alluvial Aquifer Method)

Below KBID

Cumulative Percent Recovery
L00o/o

90o/o

80o/o

70%

600/o

50%

40%

30o/o

2Ùo/o

I0o/o

0o/o

-On-Farm 

Loss

-Ç¿¡¿l 
Ls55

oeoaaooooooFInlñlsttôtõñÕõ=

Months

Note:
The factors were calculated until 90% percent returns to the river. The
rema¡n¡ng 10% percent was d¡str¡buted evenly among the factors.
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Appendix D-8
Glover Results (Parallel Drains)

Above KBID

Return Flow Factors
1.000

0.900

0.800

0.700

0.600

0.s00

0.400

0,300

0.200

0.100

0.000

-Uniform 

Recharge 590 Feet

Fl ô¡ (Y)

Months

Cumulative Percent Recovery
L00o/o

98o/o

960/0

94o/o

92%

90o/o

88%

86%

-Uniform 
Recharge 590 Feet

F{ N (n

Months
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Appendix D-9
Glover Results (Parallel Drains)

Below KBID

Return Flow Factors
1.000

0.900

0.800

0.700

0.600

0.s00

0.400
0.300

0.200

0.100

0.000

-Un¡form 

Rechafge 590 Feet

r-{ N (rl

Months

Cumulative Percent Recovery
t00o/o

98o/o

96o/o

94o/o

92o/o

90%

88o/o

860/0

84%

-u¡ife¡¡¡ 
ftecharge 590 Feet

F.l N (Y)

Months
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Appendix D-10

Kansas Bostwick lrrigation D¡str¡ct

Combined Above and Below Lovewell

Total Lagged Returns (acre-ft)

% of KBID Drained 75o/o

2005 lrrigation Season Rate (cfs)

2006 lrrigation Season Rate (cfs)

49

38

lrr Season

L4,775

Ll,540
511

8,942
L4,775

511

Total

15,013

t2,266
1,252

9,511

15,013

!,252

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

85

t23
86

120
85

tL6
83

32

105

109

t,843
L,482

106

6,O42

4,6æ
LO2

5,906

4,528
99

9s2

760

96

89

74t
93

69

t23
90

80

t24
87113

69

!23
69

L20

67

116

65

113

82

109

32

\,L44
L,843

106

3,603

6,042
toz

3,511

5,906

99

602
9s2

96

108

L4t
89

94

L23

69

97

t24
80

2005

2006

2007

Avg

Max

Min

Year

Note: lrrigat¡on Season is May - September
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APPENDIX E

Republican River Active Surface Water Rights

Senior to the Minimum Desirable Streamflow
(MDS)
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Appendix E-l
Surface Water Rights Senior to MDS

Located Below KBID and Clay Center
and Between the Stateline and Sorino Creek

Souræ: WMAS data provrded by KDVn.
KBlo lrr¡gatedArea based on 1993 extent of district (WRl Report 98-4162)

o Removed f ux"s i--J corntv

o Active Above Spring Creek

+

I

18

i? J\,! / r

94.50

^^._¡- Streams

Miles

9
Approximale Scale

^Â-¡- Republican River

^.^.æ Courtland Canal * c¡ries

KBID lnigated Area

Jamestown Wildlfe Area

Private Water Right
o Active

^ Ground Water Overlap
o lnacl¡ve

Republican River

S rn iiir

(

I

--1

\
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2007. 2010200s. 20062oo4

Max

¡994 - 2@4¡,994 1995 ¡996 1997 ¡998 1999 2000 2@l 2@2 2003 2004 2oo5 2006 2oo7 2oo8 2oO9 æ¡OPdfu ID

2S.O 21.8

Appendix E-2

Republican River Act¡ve Surface Water Rights Senior to the Minimum Desirable Streamflow (MDS)

ac-ft used

31.1, 31.1 21.1103

483

493

931

951

1æ3
2333

2510

2540

2645

3786

3897

3993

4S7S

474t
4923

5069

6161

6215

6268

6592

6606

7313

8357

8637

9191

9964

10073

10082

10675

1119?

t1473
1t726
12685

13565

r3716
14222

1¡1401

t4706
r5564

r5747

15957

16366

16398

16740

17872

182L7

18670

¡8685

1870!
r*77
t9252
20554

2225t
22527

23052

60.6

73.7

25.0

102.1

33.6

21.6

52.5

ta.7

70.9

88.4

76.9

97.2

83.9

132.6

88.3

132.6 132.6

88.5

88.4

1¡1.8

103.1

105.1

48.7

57.7

61.9

54.8

22.9
90.4

22.4

72.7

20.8

58.8

¡4.3
42.5

25.4

75.6

51.1

94.6

103.1

126.8

30.9

5.S

3r.8

97.2

224.t
73.4

24.7

59.2

M.l
4.2

28-3

99.6

92.2

5.1

65.3

67.2

12.4

65.3

69.2

16.6

24.4

121.5

49.6

75.r

27.3 24.3 23.8 24.t

34.9 2A.7

38.0

45.6

!4t.7
34.5
¡14.0 89.0 58.0

t7.o
87.0

26.5

41.0

14.?

36.9 26.5

69.0

32.2

31.8

t11.8
r32.6

3.8

¡26.8

41.8

24.9

391

97.2

224.r

90.4

77.2

56.7

t4t.7

253.2

76.2

29.0

28.8

30.8

186.3

7L.9

54.3

141.4

64.2

36.3

52.2

3U.2
132.6

251.5

64.9

2t9,9
8.8

165.7

61.9

50.2

12.2

83.9

96.6

0-3

11.5

9.3

20.8

40.6

96.3

31.1

7.0

39.4

64.9

0.8

L.2

45.3

2a.o

62.0

?2.6

22.6

62.4

27.9

3.720.1 23.0

41.8

18.2

30.1

24.9

32.7

83.0

76.2

29.0

7.8

6.2

r86.3

145.8 121.5

6.9

39.1

24.3

19.0

3.O

9.7

100.6

45.6

202.7

27.A

124.6

27.1

2.7

2.4

5.3

65.6

88.4

s1.0

r25.7

52.1

43.8

41.3

48.6

47.0

70.3

34.0

132.6

90.4

18.5

39.8

2?.4

2.4

29.2

19.6

11.6

37.2

8.0 11.0

17.7

33.2

10.2

30.8

17.8

64.8

8.4

18.79.041.6

26.4

77.2

38.1

26.9

11.9

58.4

6t.7
4.2

101.7

¡60.8
5.9

2r.2

66.1

20.s

5.1

28.3

45.3

32.3

5.9

2r.2
56.9

81.7

t.t

16.6

53.0

27.6

253.2

42.4

29.O

138.1

24.7

28.3

67.2

22.t

56.7

tr-t

8.7

,io
11.8

35.5

78.1

32.6

90.6

39-0

53.9

38.4

82.5

35.5

6r.5
35.9

88.0

0.9

4.6 ¡1.2

84.5 80.2

8.8 23.6 10.6 35.4 18.4 16.9 22.8

65.4

19.0

51.7

20.3

28.8

14.0

t47.2

14.0

83.1

64.2

28.9

23.1

,tt,

37.6

6.2

2!.7
37.2

61.7

29.8

31.4

L4.7

10.1

,0.,

36.2

73.5

23.5

73.4

69.2

25.4

24.3

30.9

27.2

t?7.7

19.3

24.5

156.7

47.0

143.0

58.1

43.0

,o.o

29.4

6.7

65.9

55.9

21.2

6.3

16.6

136.2

9.6

27.7

88.0

t3.7

3.3

6.5

203.8

12.1

186.0

36.8

139.3

1.4

119.6

41.1

26.0

1,1

o.51.8

0.3

3.2

32.4

18.2

1.3

57.1

30.0

7S.O

51.3

2.8

11.2

124.6

35.4

t2.2
24.6

12.2

34.0 34.0

2.3 4.9

73.2

34.0

4.7

39.2 7s.0

2.7 51.3

61.6

30.9

424
50.2

58.0

3¡.0
63.4

31.0

63.3

28.3

56.9

31.0

47.0

35.1

56.0

r5.6
70.0

15.9

53.0

11.9

58.0

13.2

23.3 31.8 24.3 29.5

76.4 87.1 58.6 46.5

73.6 85.4 13.3 0.9

6.8 8.5 3.7

10.39.522.1

27.3

46.9

60.4

70.8

86.4 49.3

34.9

71.3

53.6

95.8

54.6

31.8

101.7

150.8

s.5

68.7
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Appendix E-2

Republican River Active Surface water Rights Senior to the M¡n¡mum Desirable Streamflow (MDS)
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Append¡x E-2

Republican River Active Surfuce Water R¡ghts Sen¡or to the M¡n¡mum Desirable Streamflow (MDS)
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Appendix E-3

Republican River Active Surface Water Rights Senior to the Minimum Desirable Streamflow (MDS)
acres ¡rr¡gated
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Appendix E-3

Republican R¡ver Act¡ve Surface Water R¡ghts Seniorto the Minimum Desirable Streamflow (MDS)

acres irr¡gated
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Appendix E-4

Republican River Active Surface Water Rights Senior to the Minimum Desirable Streamflow (MDS) Above Spring Creek
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Appendix E-5

Republican River Active Surface Water R¡ghts Senior to the Minimum Desirable Streamflow (MDS) Above Spring Creek

acres irr¡gated
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168

120
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25
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s2
107

168

120
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;
88

t:

;
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52

105

t20

73
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88
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23
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s7
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276

'å
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120

216 2L6 2t6

76 76 76

1ôãl
AveGqe

Addit¡oml
Acres

Pdiv lD

2346

3706

3881

9254

9548

12015

12073

ßr72
18282

20754

24t0t
25554

26958
27020

27146

35503

36948

37934

40764

44264

44958

46100

45392
472t8
49746

50101

51928

51964

60939

61807

6730S

Note: Pdiv-lD list consists of aclive ¡rrigation surtacê mter r¡ghts *nior to MDS end lo€ted on the Republien River between the Stateline and Spr¡n8 Creek.

Addit¡onal Acres = AveÊge (1994 - 2004) - Total Actual for the spêcific year
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