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DECLARATION OF DR. JAMES C. SCHNEIDER 

I, DR. JAMES C. SCHNEIDER, am over 18 years of age, having personal knowledge of 

the matters contained herein, state as follows: 

1. Section IV.F. of the Final Settlement Stipulation ("FSS") states: 

Beneficial Consumptive Use of Imported Water Supply shall not 
count as Computed Beneficial Consumptive Use or Virgin Water 
Supply. Credit shall be given for any remaining Imported Water 
Supply that is reflected in increased streamflow, except as 
provided in Subsection v.B. Determinations of Beneficial 
Consumptive Use from Imported Water Supply (whether 
determined expressly or by implication), and any Imported Water 
Supply Credit shall be calculated in accordance with the RRCA 
Accounting Procedures and by using the RRCA Groundwater 
Model. 

2. I believe this requires that the RRCA Accounting Procedures reflect that the 

presence of the Imported Water Supply must provide a credit to Nebraska if such water increases 

the water supply in the Republican River, and it shall not become a debit that would saddle 

Nebraska with an additional Compact requirement. I cannot reconcile any other interpretation 

with my understanding of the RRCA Groundwater Model and the Accounting Procedures. 

3. The expert report I prepared for this action dated November 18, 2011 explains the 

bases for Nebraska's view that the current Republican River Compact Administration ("RRCA") 

Accounting Procedures (Appendix C to the Final Settlement Stipulation) misrepresent the net 

effect of Nebraska's groundwater pumping and the Imported Water Supply (or "Mound") in the 

Swanson-Harlan reach of the Republican River Basin. My repmi is attached as Exhibit A. In 

short, the current RRCA Accounting Procedures provide Nebraska with an ImpOlied Water 

Supply debit. 

4. On March 15, 2012, Dr. Willem Schreuder, an expert on behalf of the State of 

Colorado, submitted an expert report acknowledging that the current RRCA accounting 

procedures include consumption of imported water. Dr. Schreuder's Report is attached as 

Exhibit B. 
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5. Nebraska agrees with Colorado that any accounting method must be consistent 

with Section IV.F ofthe FSS. 

6. Dr. Schreuder's expert report contains an accounting procedure that is consistent 

with Section IV.F. See Exhibit Bat C0000000405 (equations 3a - 3d). That procedure employs 

five specific runs of the RRCA Groundwater Model. 

7. The accounting procedure identified by Dr. Schreuder is identical to a proposal 

Nebraska earlier presented to the RRCA when Nebraska first discovered the inconsistency 

between current Accounting Procedures and Section IV.F. of the FSS. See attached Exhibit C. 

8. As Kansas' witness Mr. Steven P. Larson testified during his deposition, the 

original Nebraska proposal (which included the same five runs suggested by Dr. Schreuder) was 

presented to the RRCA's Engineering Committee prior to the RRCA annual meeting in 2007. 

See Exhibit D (excerpts of Larson Deposition Transcript at 20-6 and complete copies of Exhibits 

3,4 and 5 thereto). 

9. This "five run" proposal was rejected by Kansas. Specifically, Kansas asserted 

the Accounting Procedures should produce individual results for Mound recharge and 

groundwater pumping in Colorado, Kansas, and Nebraska that summed to the net impact of these 

four activities rather than Nebraska's limited concern about Nebraska's activities (Mound 

recharge and groundwater pumping). See Exhibit E (Exhibit 5 to Larson Deposition identifying 

the "Virgin Water Supply Metric."). 

10. Nebraska responded to the Kansas Virgin Water Supply Metric by extending 

Nebraska's original analysis and developing a more elaborate proposal involving sixteen runs of 

the Model. The original five runs were a subset of the newly proposed sixteen runs. This sixteen 

run alternative solution which satisfies the "Virgin Water Supply Metric" was first presented to 

the RRCA in August 2008 and to Arbitrator Dreher in a slightly refined form in January 2009. 

That extended, sixteen run, solution is the primary subject of my expert report in this litigation. 

11. The sixteen run proposal contained in my expert report is merely an extension of 

the original five run concept Nebraska presented in 2007 and is the same as that presented by Dr. 

Schreuder in his expert report. This extension was designed to ensure that Kansas' Virgin Water 
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Supply Metric is fully satisfied in every sub-basin and in every year. In other words, Nebraska's 

original proposal is a subset of the far more elaborate solution presented in my expert report. 

This more elaborate solution is entirely the product of Nebraska's additional work to meet the 

so-called Virgin Water Supply Metric. 

12. Nebraska and Colorado have reduced the original five run proposal to a narrative 

"redline" edit of the existing RRCA Accounting procedures, which is attached to Colorado and 

Nebraska's Notice of Stipulation filed with this Court on May 16, 2012. Setting aside minor 

changes in verbiage, it is in all respects identical with (a) Nebraska's original five run proposal; 

and (b) Dr. Schreuder's five run proposal. 

13. To make perfectly clear that the agreement reached by Colorado and Nebraska is 

merely a subset of Nebraska's sixteen proposal, I have highlighted those portions of Nebraska's 

Amended Counterclaim (originally filed July 25, 2011) that represent the subset of five runs 

identified in Exhibit A to Colorado and Nebraska's Notice of Stipulation. See Exhibit F. 

14. As explained in my report and acknowledged by Dr. Schreuder, the expanded 

sixteen run approach produces essentially the same quantitative result as Nebraska's original five 

run proposal where the Mound recharge and groundwater pumping in Nebraska are the two 

activities of interest (i.e., in the Swanson-Harlan reach). Compare Schneider at Appendix D 

(NE0500094-5) with Schreuder at 24 (third full paragraph, last sentence). 

15. As further explained by Dr. Schreuder, and long conceded by Nebraska, the 

failure of the current RRCA Accounting Procedures to properly represent the net effect of these 

two activities is the primary cause of overestimating the CBCU for Nebraska. Compare 

Schneider at Fig. 12 (NE050048) and Fig. 14 (NE0500050) with Schreuder at 4, bullet 7, last 

sentence, and the following paragraph; 12, second to last full paragraph. While Nebraska's 

proposed procedures described in my expert report fully address the Virgin Water Supply Metric, 

the original 2007 proposal addresses most of the harm to Nebraska by eliminating the 

consumption of imported water in this reach. 

16. Nebraska's original proposal, as brought to the RRCA in 2007 and articulated in 

Dr. Schreuder's report is acceptable to Nebraska because it alleviates the majority of harm 

accruing to Nebraska by virtue of the present Accounting Procedures. 
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I declare under penalty of perjury that the foregoing is true and correct. 

s-} 1 
Date J ame~e. ~fuleider 

,-./" 

CI 
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EXECUTIVE SUMMARY 

The Republican River Compact Administration (RRCA) administers the 
Republican River Compact (Compact) through the RRCA Accomlting Procedures and 
Reporting Requirements (CmTent Accounting Procedures). This involves the use of the 
RRCA Groundwater Model (Model) to estimate the impact of groundwater pumping by 
Colorado, Kansas, and Nebraska and to estimate the impact of water impOlted, by 
Nebraska, from outside the Republican River Basin (Basin). The Republican River 
Compact specifies how much water each state is allowed to use, and the Model and the 
CmTent Accounting Procedures are used to determine whether a State is in compliance 
with the Compact. When the Cunent Accounting Procedures do not represent impacts to 
the water supply conectly, this determination will fail to properly distribute water 
supplies as required by the Compact. In other words, an accounting failure results in an 
unintended redistribution of water supply between the states. 

Nebraska's implementation offue Final Settlement Stipulations of 2002 (FSS) 
resulted in the identification of a significant failure with the Cunent Accounting 
Procedures. This failure does not allow for the proper quantification of impacts from 
groundwater pumping and imported water. These conditions become amplified during 
years when water supplies are low and Compact compliance is most challenging. If left 
unconected, fuis problem (i.e., fue failure of the Current Accounting Procedures) could 
depIive Nebraska of up to 800,000 acre feet of water over fue next 50 years (roughly 
twice fue annual virgin water supply of the Republican River). It is important to note fue 
problem is not inherent in fue Model, but aIises from the way in which fue Model results 
are used, through application of fue CmTent Accounting Procedures, to determine fue 
impact of each state's groundwater pumping or importation of water on streamflows. 

This report 1) identifies the nature of fue problem presented, 2) shows how the 
failure of the Cunent Accounting Procedures results in redistribution of water supply, 3) 
explains Nebraska's proposed solution (Nebraska's Proposed Procedures), and 4) 
concludes wifu a discussion of the anticipated impact of the problem on Compact 
accounting in fue future unless the problem is conected. 

The Problem 

As discussed in Section 3.3.3, the Model and Cunent Accounting Procedures are 
used to estimate impacts of four Target Sets, discussed further below, by calculating fue 
change in baseflow caused by 1) groundwater pumping in Nebraska; 2) groundwater 
pumping in Colorado; 3) groundwater pumping in Kansas; and 4) Nebraska's mound 
recharge (the mechanism for importation of water from the Platte River, Figure ES-l. 
The total impact of groundwater pumping and mound recharge (Total Impact) should be 
determined by completing a Model run wifu groundwater pumping and mound recharge 

ES-l 
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present (or "On") and a rvtodel rlln with these activities not present (or "Off'). The 
difference between these two Model runs (first conceptualized by Kansas and tenned the 
Virgin Water Supply Metric) is the only direct estimate of the Total Impact. This is a 
widely' accepted scientific practice (e.g., Zume and Tarhule. 2008; Feinstein et al., 2010; 
Leake and Pool, 20 I 0: Bent et a I.. 20 II ; Ely et a!. , 2011). The Total Impacts are not 
computed in this manner under the ClllTent Accounting Procedures . The individual 
impact estimates of the four Target Sets can only be verified by comparing their slim to 
these Total Impacts. 

Nebraska -1 ------=-.... - .. .J 
Colol(ldo ~ 

( r 
'.""-.. 

j . -Y---" __ 
~. '- .~ 

Repu~1 can River Basin /" 
~ .. -~ Kansas 

~ 
- -." 

.,..-... 

Figure ES-l. The groundwater mound recbarge as contributiun to the Republican River basin 
water suppl y. 

The snm of the individual impacts (e.g. Colorado groundwater pmnping, Kansas 
groundwater pumping, etc), as calculated under the CUlTent Accounting Procedw-es, does 
not add to the Total Impact and thus fails to meet the Virgin Water Supply Menic. [11 

other words, the sum of the parts does not equal the whole. For the purposes of 
detennining Compact compliance, these "Unaccounted Impacts" are lost in tJw calculus. 
It is as if to say that the CUlTent Accounting Procedures would calculate two pLus two 
equals three. This is an unreasonable result that should not exist in any accouniiug 
exercise. 

The difficulties generated by this problem manifest themselves in multiple ways. 
but a glaring example is presented in Section 4.4.2. In a hydrologic system, higher 
grOlUldwater levels increase discharge to sn·eams. This is the practical effect of the 
mound recharge in the Republican River Basin. Therefore, mound recharge can have only 

ES-2 
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a positive impact to stream base flow: no negative impact is associated with it. The 
mOllnd recharge is supplied in Nebraska by water imported from the Platte River. Thus. 
any positive impact to stream baseflmv in the Republican River Basin should accrue as a 
benefit to Nebraska in the accounting. The Kansas projected future scenario (Kansas 
Petition., C:20) is ana lyzed as an example for this report, Llsing the Current Accounting 
Procedures, to determine the positive impact to stream baseflow that should result from 
the mound recharge over the long tenll. The CUlTent Accounting Procedures produce the 
results shown in figure ES-2, These results indicate that contilllLation of mOLLnd recharge 
will reduce stream baseflmvs over the long tenll. This result makes 110 sense and 
demonstrates the absurdity inherent in the ('ulTen!' Accounting Procedures. [t is rather 
difficult fro111 a scientific perspective to reconcile the paradoxical notion that adding 
imported water to the system, which should be a "credit" to the impOIter state, results in 
just the opposite, a "debit". 

Current Accounting Procedures 

----.. ------... II ........ ' ... t: -~-

·5,nOO 

IO,()(lO 

1 ~.001) 

lUO~ 

---[ucl't.'ase ill Stream BlIscfio\\" from 
Conllllualioll of Mound Recharge 

JOH 

Year 

1('1~ lOH 10S,1 

Figure ES-2. The increase in stream basetlow that results tj'om the continuation of mOllnd 
recharge as detennined by the Current Accounting Procedures. These results indicate that 
continuation of mOllnd recharge wil l rei/lice stream baseflows over the long term 
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Section 4 presents an analogy to the Model using a scale and two people whose 
combined weight exceeds the capacity of the scale. Under the Current Accounting 
Procedures there are Unaccounted Impacts, and this analogy serves as a simple 
demonstration of how these Unaccounted Impacts occur. The Current Accounting 
Procedures do not address these Unaccounted Impacts. These Unaccounted Impacts are 
eliminated using the existing Model and Nebraska's Proposed Procedures. 

Nebraska raised this problem with the RRCA in 2007, but it was not resolved at 
that time. Nebraska, therefore, presented the problem and Nebraska's Proposed 
Procedures to an arbitrator in 2009 pursuant to the dispute resolution procedures outlined 
in the FSS. In acknowledging the problem presented by the Current Accounting 
Procedures, the arbitrator concluded that Nebraska's approach to estimate the Total 
Impacts of pumping and mound recharge was more consistent with the Compact and 
admonished the States to work toward a thorough solution. Kansas and Colorado, 
however, currently benefit from this failure of the CutTent Accounting Procedures. 

The Solution 

To rectify this failure of the CutTent Accounting Procedures (the problem), 
Nebraska proposes a solution that complies with the following criteria: 

1) The sum of the individually derived impacts equals the Total Impacts. 

2) The results obtained from Nebraska's Proposed Procedures are identical to 
those obtained with the Current Accounting Procedures in the cases in which 
the latter already satisfy the principle in number (1) above. 

3) The Unaccounted Impacts are not distributed among the states arbitrarily, but 
rather they are applied in a manner related to each state's ability to cause 
Unaccounted Impacts. 

As shown in figure ES-3, Nebraska's Proposed Procedures solve the problem 
previously illustrated in figure ES-2. The results from the Cunent Accounting Procedures 
indicate that continuation of mound recharge will reduce stream baseflows. The results 
£i·om Nebraska's Proposed Procedures indicate that continuation of mound recharge will 
increase stream baseflows. Recharging water into the ground cannot by itself reduce 
stream baseflow, but it can increase stream baseflow. Therefore, Nebraska's Proposed 
Procedures produce realistic results, whereas the Current Accounting Procedures do 
not. 
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Figul'e ES-3. The increase in stream baseflow that results from the continuation of mOllnd 
recharge as determined by Nebraska's Proposed Procedures, These results indicate that 
continuation of mOllnd recharge will incretl.se stream basetlows over the long teml 

Effect of Problem if Left Unresolved 

The Basin wide effect of the failure of the CUlTellt Accounting Procedures on 
Nebraska's annual Compact accounting balances was approximately 10,000 acre-feet per 
year in 2005 and 2006 (the years subject to the Kansas Complaint). These are example 
years in which Nebraska's water supply was relatively small. The effect on Nebraska's 
anllual Compact accounting balances may exceed 20,000 acre-feet per year in the future 
(or approximately 10% of an average Nebraska allocation). The effect, moreover, is 
cumulative, and unless cOlTected, will continue to grow il1to the future depri v ing 
Nebraska of a substantial portion of its Compact entitlement (a cumulative total of as 
much as 800,000 acre-feet over 50 years). 

lfthe problem remains unconected, Nebraska will be required to consume less 
water than it is entitled to under the Compact. This is tantamount to a redistribution of 
the states' AlIocatioLls specified in the Compact. 
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1.0 INTRODUCTION 

In 1943 the United States and the States of Kansas, Nebraska, and Colorado 
entered into the Republican River Compact (Compact). A primaIY purpose of the 
Compact was "to provide for the equitable division" (Compact, 1943) of the streamflow 
of the Republican River Basin (Basin). Streamflow originates in all three states under the 
physical processes described in Section 2. The streamflow has been altered by activities 
of man over time; some of these activities reduce streamflow, some of these activities 
increase streamflow. In order to provide for the equitable division of water as envisioned 
in the Compact, a proper quantification of the impacts of man's activities on streamflow 
is required. 

The Republican River Compact Administration (RRCA), a committee with a 
representative from each of the three states, administers the Compact. The RRCA 
Accounting Procedures and Reporting Requirements contain procedures for the 
quantification of streamflows and the impacts to streamflows attributable to man's 
activities in each state. These are included as Appendix C to the Final Settlement 
Stipulations (FSS) of 2002; these will be called the Cunent Accounting Procedures in 
this report. The CmTent Accounting Procedures have been changed multiple times since 
2003, most recently in 2010. 

One of the activities of man that has had a large impact on streamflow in the Basin 
is the imgation of crops with water pumped from the ground. Groundwater pumping 
intercepts water that might othelwise have discharged to the stream; the impact of this 
practice cannot be directly measured. Another activity of man that has significantly 
impacted streamflow in the Basin is the importation of water from the Platte River. This 
process provides additional water in the ground, increasing the amount of groundwater 
that can eventually discharge to the stream. This impact also cannot be directly 
measured. Therefore, the RRCA Groundwater Model (Model) was developed to quantify 
the impact of these activities. The Model and the Cunent Accounting Procedures are 
discussed in greater detail in Section 3. 

A conventional way to estimate the impact of a set of activities on a system is to 
look at the behavior of the system with and without those activities occmTing. The 
difference observed in the system is assumed to be a reasonable estimate of the impacts 
of those activities. The Model can be utilized to test the impact of groundwater pumping 
and mound recharge on streamflow in the Basin by running the Model first with both of 
these activities and lUIllllng the Model again without these activities. This is a generally 
accepted scientific practice (e.g., Zume and Tarhule, 2008; Feinstein et aI., 2010; Leake 
and Pool, 2010; Bent et aI., 2011; Ely et aI., 2011). The difference in streamflow values 
produced by the Model will be termed the Total Impact in this report. 

1 

Exhibit A 

14 of lJ~0500014 

C-07



For the CutTent Accounting Procedures to be valid, the sum of the impacts 
attributable to the states, as calculated using these procedures, must equal the Total 
Impacts. Application of the CUtTent Accounting Procedures fails to accomplish this; 
rather these procedures produce umeasonable results and provide Kansas and Colorado 
with an unwatTanted benefit. This failure is demonstrated in Section 4. This section also 
contains a discussion of an analogy intended to illustrate the physical and mathematical 
reasons for the failure of the CUtTent Accounting Procedures. 

In the cases in which the CutTent Accounting Procedures fail to account for the 
Total Impacts, a refined approach that overcomes these failures is needed. The best 
approach to this, tenned Nebraska's Proposed Procedures, is presented in Section 5. 
Application of Nebraska's Proposed Procedures produces realistic results that fully 
account for the Total Impacts. Section 6 demonstrates the magnitude of the failure of the 
CutTent Accounting Procedures to accomplish the equitable division of waters. 
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2.0 PHYSICAL SYSTEM 

This section begins with a brief overview of important general hydrologic 
principles (Chin, 2006; Dingman, 2002; Fetter, 2001; Schwartz and Zhang, 2003). These 
generally accepted scientific principles are then related to the specific physical conditions 
of the Republican River Basin. Throughout this report, volumes of water are discussed in 
units of acre-feet and rates are discussed in units of acre-feet per year. An acre-foot of 
water is the volume of water that would cover an area of one acre to a depth of one foot. 
It is equal to 325,851 gallons. By way of comparison, the public water supply required 
for an average American city of 100,000 people would be approximately 20,000 acre-feet 
per year l (Hutson et aI., 2004). 

Important physical features of the Republican River Basin are the land surface and 
stream network that constitute the surface water drainage basin and the underlying 
geologic materials that constitute the hydrologically connected aquifer. This system is 
further complicated by various activities of man, who utilizes the water supply and other 
resources of the Basin. This entire system can be understood in terms of a total water 
budget for the Basin. The water budget approach is conceptually similar to maintaining a 
checkbook; money in and out of the account is recorded, thereby tracking the balance of 
funds ill the account. 

2.1 Surface Water Hydrology and the Republican River Basin 

The following general discussion of surface water hydrology is a distillation of 
numerous standard references on the subject, including Dingman (2002). A surface water 
basin such as the Republican River Basin is characterized on the land sUlface by a 
network of streams. A section of a stream is known as a stream reach. Those portions of a 
stream network that do not continually carry water are generally found in the upper 
reaches of the networks and are known as intelmittent streams. The remaining stream 
reaches that generally Carty flowing water throughout the year are the larger, more 
centralized portion of the stream network and are known as perennial reaches. Generally 
speaking, streamflow derives from one of two processes, overland runoff and stream 
baseflow. Overland runoff occurs during large rainfall events when rainfall rates exceed 
the capacity of the soils to absorb the water, causing the water to run off the land, 
generally gather in the nearest drainage (stream reach) and flow down that reach of the 
stream network. Runoff can enter the stream network through both intermittent reaches 
and perennial reaches. During periods between rainfall events, streamflow is maintained 

1 More specifically, water for the City of Portland, Maine is supplied by the Portland Water District. This District 
selVes 200,000 people delivering approximately 21 million gallons of water per day or about 23,500 acre-feet per 
year. 
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in the peremrial reaches by stream baseflow from the aquifer, which is discussed further 
in the next section. 

A drainage basin is defined as the land area that drains to a given location in a 
stream network. The areal extent of a drainage basin is detetmined by the topography; the 
line that may be drawn on a map to separate the locations from which water would flow 
into one drainage basin versus an adjoining drainage basin is known as the basin divide. 
A well-known basin divide is the Continental Divide, which divides the N01th American 
continent into the area that drains to the Pacific Ocean and the area that drain to the 
Atlantic Ocean. A given drainage basin can be sub-divided into a number of component 
sub-basins, which can be further sub-divided. Generally, a stream basin will be 
characterized by a single "main stem" which constitutes the primary stream that drains to 
the end, or "outlet" of the basin, and tributary streams that flow into this main stem from 
"sub-basins". For example, the Mississippi River is the main stem of the Mississippi 
River Basin, with its outlet near New Orleans where it drains into the Gulf of Mexico; the 
Missoml River, with its own sub-basin, is a tributary of the Mississippi River. 

In the Republican River Basin, the Republican River Compact recognizes twelve 
(12) sub-basins that are accounted for separately from the remaining tributaries and the 
main stem reaches, all of which are collectiveiy called the Main Stem of the Republican 
River, or simply "Main Stem" (figure 1). The Main Stem begins at the confluence of the 
North Fork of the Republican River and the Arikaree River at Haigler, Nebraska. These 
two sub-basins begin in eastem Colorado. Four other sub-basins originate in eastem 
Colorado: 1) the South Fork of the Republican River, which flows from Colorado 
through Kansas to join the Main Stem at Benkelman, Nebraska; 2) Frenchman Creek and 
3) Buffalo Creek flow directly from Colorado into Nebraska; and 4) Beaver Creek, which 
flows from Colorado into Kansas and then into Nebraska where it joins Sappa Creek. 
Driftwood Creek, Sappa Creek and Prairie Dog Creek all rise in Kansas and flow into 
Nebraska where they join the Republican River. Rock Creek, Red Willow Creek and 
Medicine Creek rise in Nebraska. The Lower Republican River, consisting of the main 
stem and tributaries downstream of Hardy, Nebraska, is not included as part of the Main 
Stem or Compact accounting. 
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Figure 1. The RepuJlica.l River Basin , showing the 12 sub-basins and the remaining drainage to the fYIain Stem 

5 

C-07



2.2 Groundwater Hydrology and the High Plains Aquifer 

The following general discussion of groundwater hydrology is a summary of 
numerous standard references 011 the subject, including Fetter (200 I) and Schwaliz and 
Zhang (2003). A geologic unit is a volume of the subsurface that contains material with 
similar propelties. A geologic unit (or group of units) that readily transmits water is 
known as an aquifer. A geologic unit that retards the movement of water through the 
subsUlface is kllO\Vll as an aquitard. An aquifer is generally underlain by an aquitard; this 
boundmy defines the base of the aquifer. Some aquifers are also overlain by an aquitard; 
these aquifers are known as confined aquifers. \\11ere no aquitard overlies an aquifer it is 
known as an unconfined aquifer. Within the aquifer, the void space between the geologic 
material (e.g .. the pore space benveen sand grains) is filled with water and is said to be 
saturated. The top of an unconfined aquifer is the point at which the pore spaces are no 
longer saturated. This top boundary is known as the water table. 

When an aquifer is unconfined, some of the water that falls on the ground as 
precipitation (rain or snow) will percolate into the subsurface (figure 2). Some or all of 
that water will eventually flow dmvnward and reach the water table. Recharge is the 
process of water reaching the water table and entering the aquifer, and this represents the 
primary source of water to the aquifer in many cases. A primary pathway for water to be 
discharged from an aquifer is to a stream; this discharge creates the stream baseflow that 
contributes to total streamflow. Water levels in an aquifer tend to follow a gradient from 
recharge areas, where water levels are higher, to discharge areas, where water levels are 
lower. TItis difference in water level produces a flow of water away from the recharge 
areas and toward the discharge areas. 

Figure 2. Idealized cross-section showing the movement of water from the atmosphere to the 
aquifer (recharge), and the subsequent movement of water through the aquifer until it discharges 
to a stream 
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The rate at which groundwater flow occurs depends on the difference in hydraulic 
head2 as well as the specific properties of the aquifer. The properties of imp01iance to 
groundwater flow in the Basin are the thickness of the aquifer and the relative ability of 
the material to transmit water, known as hydraulic conductivity. A thicker aquifer and/or 
one with higher hydraulic conductivity (e.g. coarse sand) will transmit water more readily 
than an aquifer that is thinner and/or has a lower hydraulic conductivity (e.g. silt). Note 
that the horizontal distance may be quite substantial (many miles) so that the travel time 
of groundwater through an aquifer can be on the order of many years to decades. 

Just as a divide can be delineated for a surface basin (or sub-basins), a 
groundwater divide defmes the boundruy between groundwater that flows in one 
direction and groundwater that flows in other directions. Whereas a surface drainage 
divide is defmed by topography, groundwater divides do not necessru'ily follow sruface 
water divides. Instead, groundwater divides are influenced by recharge and discharge 
pattems throughout the aquifer. The implication of this is that groundwater can move 
across surficial sub-basin divides, and changes in hydrology in one surficial sub-basin 
(e.g., increasing recharge or discharge in one area relative to another) can cause changes 
to the aquifer condition (e.g., rate or direction of groundwater flow) in another surficial 
sub-basin. 

The Republican River Basin is underlain by the High Plains Aquifer (Weeks et aI., 
1988), a vast aquifer underlying the High Plains region of United States from Texas to 
South Dakota (figure 3). In the Basin, the High Plains Aquifer is made up of a 
combination of shallow alluvial deposits, which include sands, silts and gravels, and 
bedrock units. The High Plains Aquifer is an unconfined aquifer, which ranges from 
being relatively thin at its margins and in the vicinity of streams to being many hundreds 
of feet thick, and has a generally moderate hydraulic conductivity. The aquifer's 
characteristics result in a range of groundwater travel times through the aquifer of less 
than one year from the point of recharge to the point of discharge to times in excess of 
one hundred years; travel time is also heavily dependent on distance. The aquifer is 
naturally recharged by precipitation, and water from the aquifer discharges to streams. In 
some cases water that is discharged to or runs off into a stream may, after flowing 
downstream, soak from the stream into the aquifer providing recharge in that area. 
Another mechanism for discharge from the aquifer is directly through plants whose roots 
have access to the aquifer. These plants, known as pilleatophytes, are generally located 
along stream channels (the riparian zone); this discharge process is known as 
transpiration. Transpiration and evaporation are sometimes lumped together as an 
undifferentiated tetID in hydrologic analyses and refened to as evapotranspiration (ET). 

2 Hydraulic head is a measure of the energy available in a body of water to drive flow and depends on both the 
elevation of the water and its pressure. 
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Figure 3. The High Plains Aquifer (Weeks et aI., \988) 
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2.3 Human Interactions 

The natural hydrologic conditions of a sUlface water basin and/or an associated 
aquifer can be altered by human activities. In some cases these alterations are dramatic. 
An obvious example of an activity that significantly affects a stream is the building of a 
dam to produce a reservoir on the stream. Reservoirs are built for many purposes, 
includ:ing flood control and municipal or irrigation water supply. Seven large reservoirs 
have been constructed by the United States Bureau of Reclamation :in the Republican 
River Basin. Two primary purposes of these reservoirs are flood control and uTigation. 
Many other small reservoirs have also been constructed :in the Bas:in for various other 
pmposes. Evaporation from these reservoirs removes water from the Basin. 

In general, the advent of irrigated agriculture has caused the most change to the 
hydrologic system in the Republican River Bas:in. Beg:inning well before the large 
reservou's were built, water was divelted from the Republican River and its tributaries for 
distribution on crops. The diversions reduced flow in the streams, increased ET to the 
atmosphere and increased percolation into the ground from canal seepage and excess 
irrigation (referred to as retum flow). Percolation into the ground :increased recharge to 
the aquifer which, :in tum, increased both ET in the riparian zone and baseflow discharge 
to rivers. The depletion in streamflow caused by the surface water diversion occurs 
immediately in time. The accretion (or increase) to streamflow caused by retmn flow, 
however, is delayed for years, as that additional recharge slowly moves through the 
aquifer to the stream. 

The use of groundwater for irrigation, which ftrst became significant in the Basin 
in the 1950s, further complicated the hydrologic system. Water pumped from the ground 
for irrigation intercepted flow that would otherwise have discharged to streams, reduced 
water available for ET in the riparian zone, and removed water stored in the aquifer 
causing a drop in the water table. Although much of the water pumped from the ground 
for u1igation was consumed by the crops being migated (i.e., removed from the Basin 
through ET), some of it percolated back into the ground as excess migation water. 

Near a well, the water table is depressed as water is removed from the subsmface 
(ftgure 4). This depression in the water table causes water:in the vic:inity of a well to 
change its pre-pumping flow direction and instead move toward the well. The 
interception of water that would have otherwise discharged to streams reduces flow:in 
streams. The removal of water stored in the aquifer near a stream can induce flow from 
the stream to the aquifer. Water removed from aquifer storage far from streams can 
ultimately reduce flow in the streams but this effect is comparatively less immediate. In 
addition, because groundwater may flow across surficial basin divides, pumping that 
occurs in one stream sub-basin may also affect stream baseflow in a different sub-basin. 
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Figure 4. Idealized cross-section showing the effect of a groundwater well on the flow of 
groundwater through an aquifer, which impacts the discharge to or induces recharge from a 
nearby stream. 

10 

Exhibit A 

23 of M~0500023 

C-07



2.4 Water Budget of Basin 

These processes involving the stream, the aquifer and the changing recharge and 
discharge over time in a basin can be analyzed using a water budget approach. Central to 
this approach is the principle that, over a given period, the difference between total 
inflows to the basin and total outflows from the basin will equal the change in the amount 
of water stored in the basin, either in reservoirs or underground. 

The water budget for pre-development conditions (i.e., conditions before the 
addition of human actions on the hydrologic system) in the Basin is relatively simple. 
Precipitation brought water into the Basin, and streamflow and ET removed water from 
the Basin. Most of the precipitation that percolated into the ground ultimately discharged 
to the Republican River or its tributaries as stream baseflow; the remainder was 
discharged to the atmosphere as ET in the riparian zone. Surface runoff combined with 
the stream baseflow to produce the total streamflow. The water stored in the aquifer 
remained relatively constant; increasing somewhat in wet (high precipitation) years and 
decreasing somewhat in dry (low precipitation) years. 

The water budget for post-development conditions is more complicated. In 
addition to the ongoing processes of recharge from precipitation and discharge through 
stream baseflow, surface water is diverted from streams, water is withdrawn through 
groundwater wells and irrigation water not consumed by crops returns to the subsUlface. 
During the post-development period, aquifer storage and streamflow in some portions of 
the Basin have declined steadily. An additional complication is accounting for sUlface 
water divelted from the Platte River, located to the nOlth of the Republican River basin, 
which is used to produce power and irrigate crops south of the Platte River. A significant 
pOltion of this water seeps from canals or percolates from ilTigated fields and recharges 
the groundwater system. The impOlted Platte River water has caused a groundwater 
mound to develop, creating a groundwater divide between the Platte and the Republican 
Rivers (figure 5). Water that percolates south of that divide increases the flow in 
tributaries to the Republican River, especially Medicine Creek and small tributaries to the 
east of Medicine Creek. That water will be refelTed to as "mound recharge" in this report. 

Tracking and quantifying the numerous sources of water to the aquifer, the 
numerous mechanisms for discharge, the change in aquifer storage over time and the 
streamflow that results from all of these factors is accomplished by the Model. Known 
sources and discharges of water (e.g., recharge and groundwater pumping, respectively) 
are input into the Model. The Model then calculates the change in aquifer storage and 
streamflow as they evolve over time in response to changes in source and discharge 
magnitudes. 
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Figure 5. Diversions from the Platte River serve as the source of the mound recharge. This 
creates groundwater movement as shown, which has contributed to stream baseflmv in tributaries 
of the Republican River. 
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3.0 RRCA GROUNDWATER MODEL AND CURRENT ACCOUNTING 
PROCEDURES 

This section begins with a discussion of groundwater models in general and the 
RRCA Groundwater Model specifically. This discussion of groundwater modeling is 
based on numerous standard references on the subject, including Anderson and Woessner 
(1992) and Harbaugh et al. (2000). Following the overview of modeling, the Current 
Accounting Procedures are discussed, both in general telms and in relation to the Model. 

The Model and the Current Accounting Procedures were developed to represent 
the portions of the physical system previously discussed in Section 2. The Compact 
divides (or allocates) the Virgin Water Supply (VWS) of the Basin, defmed as the water 
supply unaffected by the activities of man. To do so, the impacts of the activities of man 
on streamflow must be understood. These impact estimates are combined with measured 
streamflow volumes to detelmine the VWS3

. 

The Model was developed in accordance with the FSS, to be utilized in 
conjunction with the Current Accounting Procedures. An important objective of the FSS 
was to account fully for the impact of all groundwater pumping and all mound recharge 
that has an effect on streamflow in the Basin. The Model is required for this purpose 
because direct measurement of these impacts is not possible. The Model is the most 
technically appropriate method for estimating these impacts. The following discussion 
generally describes the function of a groundwater model, the development of the Model, 
the function of the Current Accounting Procedures, and the application of the Model 
within the Current Accounting Procedures. 

3.1 Use of Groundwater Models 

Many types of hydrologic models are used to simulate and understand different 
pruts of the hydrologic system under differing sets of conditions. The Model is a 
numerical groundwater model, which is a numerical representation of a groundwater 
aquifer or aquifers. This type of model is well suited to simulating the conditions within 
an aquifer and the interactions between an aquifer and stream such as the High Plains 
Aquifer and the Republican River and its tributaries. Generally speaking, a numerical 
groundwater model contains specifications for the geometry and properties of the aquifer 
and any boundary conditions required to represent adequately flow into, through, and out 
of the model. A boundary condition is a numerical representation of a physical boundruy 
between the aquifer and adjacent underground materials, sUlface water features, or the 
atmosphere. 

3 VWS = Measured streamflow + Impacts to streamflow resulting from activities of Ilk'Ul 
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A common boundruy condition is a no-flow boundaty, so named because water is 
not allowed to flow across that boundary in the model. This type ofboundruy condition 
can defIne the boundaty between an aquifer and an aquitard (e.g., the base of the aquifer). 
A specified flow boundaty condition defmes a flow into or out of the model. Recharge to 
the aquifer or pumping by a well are examples of this. A head-dependent boundary 
condition allows water to flow into or out of the model in a manner dependent on the 
difference in the water level (i.e., "head") between the aquifer and the boundary. A 
stream or river is an example of this. 

When represented by numerical models, water is treated as if flow rates are 
constant over a small time interval and over a small area. A specifIed flow of water 
entering or exiting the groundwater system by a given mechanism over a small time 
interval and a small area is known as a "stress." The time interval is referred to as a 
"stress period;" the small area is referred to as a "cell". Aquifer parameters (e.g., 
hydraulic conductivity, top and bottom of aquifer) are specified for each cell in the 
model, and boundary conditions are specifIed on a cell-by-cell basis where needed. 

There is no one size fIts all approach to groundwater modeling. In order to develop 
a useful modeling tool, the specifIc questions that the model will be used to answer need 
to be considered. A common question that a model is used to answer is to detennine the 
impact of an activity or activities on some component of the hydrologic system. In this 
case hydrologists are typically interested in an impact that cannot be directly measured. 
In order for such a model to be useful, it needs to be able to simulate the hydrologic 
system during periods when a given activity is both present and not present. By 
sufficiently overlapping these periods, the model can be a useful tool in providing 
estimates of the impact of the activity or activities of interest. 

When using a numerical model to represent an actual physical system, such as the 
Basin, it must undergo some level of calibration-a process of ensuring the model can 
reasonably replicate the physical system being modeled. The two most common 
calibration targets are measurements of groundwater levels (i.e. water table elevations) 
and estimates of stream baseflows. The calibration process involves these steps: 

1) A model is constructed and run. 

2) The output from the model is then compared to measured and estimated actual 
conditions. 

3) Changes at'e made to the calibration paratneters, most commonly the aquifer 
properties and the aquifer recharge, in an iterative fashion, until the model 
results closely match the measured and estimated actual conditions. 

It is important also to constrain, as much as possible, the range of the calibration 
pat'ameters, because there is generally an infmite combination of parameters that can 
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yield a similat· calibration to the measured and estimated actual conditions. For example, 
the range of aquifer properties allowed in the model should be constrained to some pre
defined range that is based on knowledge of the geology. Similarly, the range of recharge 
values for a given location in the model can be constrained based on knowledge of 
precipitation, soil types, and land cover. The point at which a model can be considered 
calibrated is subjective, as the model can never perfectly replicate the complexity of the 
actual hydrologic system. Professional judgment among the model developers is relied 
upon to make this decision. Subsequently, new data or understandings may lead to 
additional calibration efforts. 

3.2 Development and Updating ofRRCA Groundwater Model 

When the FSS was ratified by the three states on December 15,2002, the Model 
was not complete. The States had agreed on the calibration targets, the methods to 
estimate groundwater pumping and recharge, and the process to calibrate the Model. In 
spite of the incomplete state of the Model, the Cunent Accounting Procedures that were 
included in the FSS specified how the Model was to be used to calculate the depletions to 
streamflow caused by groundwater pumping in each state and the accretions to 
streamflow caused by mound recharge. The model was completed within the timeframe 
required by the FSS (RRCA, 2003). 

The Model was developed by representing all major sources and discharges for 
water in the ground and properties of the subsurface material relating to the transmission 
and storage of water (figure 6). Cells in the Model are one square mile (640 acres) in 
area, with a vertical extent equal to the saturated thickness of the aquifer (ranging from 
ten feet to hundreds offeet). The base of the aquifer and lateral boundaries where the 
aquifer is reduced to zero thickness (i.e., "pinches out") are no-flow boundaries. Much of 
the northern boundaty of the Model is coincident with the Platte River; here water flows 
into or out of the Model in quantities required by the specified head that represents the 
water level in the Platte River. The Republican River, its perennial tributaries (as well as 
several small tributaries to the Platte River) and smiace reservoirs are represented in the 
Model and associated with specific Model cells. 

The stress periods for the Model are one month long. Values for recharge and 
groundwater pumping are specified on a cell-by-cell basis and may change with each 
stress period. The groundwater pumping values are detennined separately by each state 
for the wells in that state. Initially reviewed by the other states dm1ng calibration of the 
Model and they continue to be reviewed when the Model is updated with new data for 
ongoing accounting. Recharge from four sources is included: 1) precipitation; 2) canal 
leakage; 3) recharge of water applied through surface water inigation; and 4) recharge of 
water applied through groundwater inigation. 
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The Model was calibrated by comparing water levels calculated by the Model with 
those observed in the aquifer and comparing net stream baseflow, as calculated by the 
Model at gaging stations, with estimates of stream baseflow at the same gaging stations. 
Calibration parameters included the aquifer propelties, the precipitation recharge, and 
propelties associated with ET. The period of record over which such comparisons were 
made was 1918-2000. This period was chosen in part because it sufficiently overlapped 
time periods when groundwater pumping and mound recharge had not yet occulTed (i.e., 
pre-development) and a time period when aquifer pumping and mound recharge began to 
occur (i.e., development period). The pre-development period ended sometime around 
1950-60, though the change was not abmpt, but rather a gradual one.4 

Fi~ure 7 shows an example of the comparison between Model-calculated stream 
baseflow and estimated stream baseflow for the gaging station on the Frenchman Creek 
near Imperial (figure 1). The horizontal axis indicates the time at which the stream 
baseflow (calculated or estimated) OCCUlTed. The veltical axis indicates the magnitude of 
the stream baseflow, given here as a volume of water (acre-feet) that passed the gaging 
station over the course of the indicated year. While the two lines do not track identically, 
the fit between them is generally good, particularly the overarching trend in the data. 
Note that the baseflows are fairly steady at around 45,000 to 50,000 acre-feet per year 
until around 1965, when they begin to decline, representing the beginning of the 
development period. 

4 There was some groundwater use and surface water use in the Model area much earlier than 1950, though this was 
generally minimal. Large scale man-made stresses to the system generally began around/after 1950. 
5 Note that the data from model runs presented in this report produce slightly different values from those officially 
adopted by the RRCA. The RRCA employs Principia Mathematica, Inc. to produce the official model runs, whereas 
the runs reported here have been completed on the computers of Nebraska staff. Model runs, using the same input 
but completed on different computers, can produce slightly different results because of differences in computer 
hardware. These differences are typically on the order of 0.1 %. A slight versioning issue with Model files was 
discovered prior to submitting this report but subsequent to the stipulation by Nebraska on her overuse in 2006. This 
issue resulted in a difference of 215 acre-feet in that overuse value. 
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Figure 7. Comparison between estimated stream baseflows from gage data and Model-generated 
stream baseflows for the Frenchman Creek near lmperial. 

It is importallt to emphasize that Nebraska is /lot seeking to alter the Model ill 
allY way through t!lese proceedings. Rather, it is only the manner in which the outputs of 
the Model, namely the stream basetlows, are used in the Cunent Accounting Procedures 
that are at issue. Although additional l1ms of the Model are required under Nebraska's 
Proposed Procedmes, none of the Model specifications or input data from a given year 
would be changed in these runs. Instead, Model input would be applied in some 
additional combinations in order to estimate better the impact of pumping and mound 
recharge. 
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3.3 RHCA Accounting Procedures 

The Republican River Compact specifies the VWS for each sub-basin and the 
Main Stem, as well as the specific Allocations from that VWS provided to each ofthe 
states. It also states that if future water supplies vary by more than 10% from the values 
included in the Compact, then the volume of water each state receives could be adjusted 
in propOliion to the original Allocations (Compact, 1943). The RRCA first developed a 
system for accounting for the water supplies and uses in 1961. These procedures have 
been updated and modified through the years to reflect advancing technologies and 
changing conditions in the Basin. The Current Accounting Procedures were adopted as 
part of the FSS in 2003, and the FSS included provisions to allow for future updates to 
these as necessary. For a more detailed discussion of the Current Accounting Procedures, 
particularly as they relate to the computation of the impact of groundwater pumping and 
mound recharge, see Ahlfeld et al. (2009). 

3.3.1 Compact Allocations 

The FSS allocates water in each sub-basin to the states based on fixed percentages 
of the estimated water supply in a given year (table 1). These fixed percentages are based 
on the original Compact VWS and Allocations. These fixed percentages are included in 
the Current Accounting Procedures. 

Table 1. Fixed percentages that represent the Compact Allocations. 

CO%of KS % of Basin NE % of Basin 
Basin Basin Supply Supply SupIJly % Unallocated 
Atikaree 78.5% 5.1% 16.8% -0.4% 
Beaver 20.0% 38.8% 40.6% 0.6% 
Buffalo 33.0% 67.0% 
Driftwood 6.9% 16.4% 76.7% 
Frenchman 53.6% 46.4% 
North Fork 22.4% 24.6% 53.0% 
Medicine 9.1% 90.9% 
Prairie Dog 45.7% 7.6% 46.7% 
Red Willow 19.2% 80.8% 
Rock 40.0% 60.0% 
Sappa 41.1% 41.1% 17,8% 
South Fork 44.4% 40.2% 1.4% 14.0% 
Main Stem + 

51.1% 48.9% 
Unallocated 
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To compute the volume of water that each state receives from these fixed 
percentages, an estimate of the VWS is needed, which involves combining the measured 
streamflow with estimates of the impact to streamflow for each sub-basin and the Main 
Stem. Thus accurate estimation of these impacts is critical to properly determining the 
VWS. 

Under the FSS, a new term was introduced, the Computed Water Supply (CWS), 
which is an adjustment to the VWS.6 The CWS is now used in conjunction with the fixed 
percentages described above to detelmine the volume of water that each state receives 
from each sub-basin. Many sub-basins do not provide Allocations for all three states. 
Generally, some percentage of the water supply in each sub-basin is not allocated to a 
specific state. This unallocated water is combined with the CWS in the Main Stem and 
split between Kansas and Nebraska in the same manner as the CWS from the Main Stem. 
This means that: 

1) Each state does not receive the same volume of water each year unless the CWS is 
the same; 

2) Even if the total CWS is the same, a state may not receive the same volume of 
water from year to year, if water originates in different sub-basins; and 

3) If the CWS is not detetmined cOlTectly, then one or more states will not receive 
the conect volume of water. 

Using Sappa Creek as an example, if the impact to stream baseflow from groundwater 
pumping is misestimated for Kansas or Nebraska, then the estimate of the CWS will be 
flawed. Applying the fixed percentages from table 1 to this flawed CWS would result in 
flawed values for the volumes of water that Kansas and Nebraska receive. Similarly, a 
state would also receive the wrong volume of water if the estimates of CWS were cOlTect, 
but the fixed percentages derived from the Compact were altered such that they no longer 
reflect Compact entitlements. Therefore, applying a flawed estimate of CWS in the 
accounting is akin to altering the fixed percentages (Allocations) that are derived from 
the Compact (i.e., altering Compact entitlements). 

3.3.2 Use of Current Accounting Procedures 

The CUlTent Accounting Procedures are described in Appendix C (revised August 
8,2010) of the FSS. Definitions and fOlmulas within the FSS and Appendix C make it 
clear that the working definition of VWS is to be understood as the water supply or 
streamflow of the Basin unaffected by human activities. To estimate YWS, the CUlTent 
Accounting Procedures call for the estimation of Computed Beneficial Consumptive Use 

6 The CWS is an adjustment to the VWS to account for changes in storage in federal reselVoirs and flood flows. 
This difference essentially means that water that is stored in federal reselVoirs is not counted until it is released and 
used, and that flows over certain thresholds are not counted. 
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(CBCU) and the impact of the mound recharge, also referred to as the Imported Water 
Supply Credit (IWS Credit). The CBCU is the streamflow depletion resulting from a 
specific list of human activities. The IWS Credit is defined as "the accretions to 
streamflow due to water imports from outside of the Basin as computed by the RRCA 
Groundwater Model" (FSS, 2002). 

The Compact divides the Republican River Basin into twelve (12) sub-basins and 
the Main Stem. The VWS is computed independently for each sub-basin on an annual 
basis. In the case of a sub-basin that does not have any federal reservoirs or imported 
water supply effects, the VWS is computed as the sum of gaged streamflow, measured in 
the stream at the sub-basin or Main Stem outlet, and all CBCU in the sub-basin. The 
CBCU is generally caused by two activities, the stream baseflow depletion caused by 
groundwater pumping and the streamflow depletion caused by surface water diversions 
and other non-groundwater activities identified in the Current Accounting Procedures 
(e.g., evaporation). 

In the Current Accounting Procedures, the annual gaged flows for a given sub-basin 
are detelmined by direct measurement at stream gages and sUlface water depletion is 
estimated based on direct measurements, such as tabulating the volumes of water actually 
diverted from streams during the year. Direct measurement of the impact of groundwater 
pumping and mound recharge is impossible. Estimation of these impacts is complicated 
by the fact that the impacts in one sub-basin may result from pumping or recharge that 
occurred in earlier years and/or in neighboring sub-basins. Because of these complicating 
factors, these impacts are estimated using the results of multiple runs of the Model. 

In this way, the CUlTent Accounting Procedures are used to estimate the VWS and the 
CWS. The annual volume of water each state receives is determined as a percentage of 
the CWS. This volume of water is then compared with an estimate of actual water use 
(less any IWS Credit) by that state to determine over or under-utilization by that state. 
The problem with the Current Accounting Procedures is a failure in the estimation of the 
impacts of groundwater pumping and mound recharge, which in turn affects the VWS, 
CWS, and the volume of water each state receives, which is derived from the CWS 
estimates using the fixed percentages. Solving this problem does not involve changing 
thefLXed percentages; rather, the problem is solved by ensuring the impacts of 
groundwater pumping and mound recharge are determined properly. 

3.3.3 Current Accounting Procedures and the Model 

The Current Accounting Procedures defme a number of "accounting points" 
(figure 6) at the outlets of each sub-basin or Main Stem reach for the purpose of 
estimating the impact of groundwater pumping or mound recharge. The Main Stem is 
subdivided into multiple reaches. Multiple accounting points for a given sub-basin or 
Main Stem reach are needed in some cases. Each accounting point is located in a 
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numerical cell in the Groundwater Model. Using the calibrated Model, a stream baseflow 
value is computed at the accounting point at each stress period7 through the year 2000 
(the end ofthe calibration period). 

The Model-computed stream baseflow is not necessarily exactly equivalent to 
actual streamflow at an accounting point, but is instead only an estimate of that portion of 
streamflow attributable to groundwater discharge to the stream. Stream baseflow 
estimates for years following 2000 are obtained on an annual basis by updating the Model 
with new input data (e.g., pumping, recharge) and other required parameters that can 
change from year to year (e.g, maximum ET rate, reservoir elevation). Additional Model 
simulations are also needed for each year to determine the proportion of the total change 
in stream baseflow that is attributed to groundwater pumping in each state and to mound 
recharge. The Current Accounting Procedures contain specifications for accomplishing 
this. These procedures work well in many cases, but, as shown in Section 4, they fail in 
some cases and therefore require additional refmement. 

The Current Accounting Procedures require an estimate of the impact of 1) 
groundwater pumping in Colorado, 2) groundwater pumping in Kansas, 3) groundwater 
pumping in Nebraska, and 4) mound recharge. For convenience, this report uses the term 
"Target Set" to indicate one of these four groups of stresses. For example, the Target Set 
for Kansas groundwater pumping is all stresses applied, during the entire Model run, at 
groundwater wells located in Kansas. The Total Impacts of these four Target Sets can be 
determined by comparing a Model run with all groundwater pumping in Colorado, 
Kansas, and Nebraska, and mound recharge On, to a run with all groundwater pumping in 
Colorado, Kansas, and Nebraska, and mound recharge Off. The difference between these 
two Model runs provides the only direct estimate of the Total Impacts. 

A conventional way to estimate the impact of a Target Set is to run a numerical 
groundwater flow model, with the Target Set of stresses "On" and then with the Target 
Set of stresses "Off'. The difference in the output is assumed to be a reasonable estimate 
of the impact of the Target Set of stresses. The Current Accounting Procedures use the 
model to provide estimates of stream baseflow at accounting points for a Model run with 
all Targets Sets On and four other Model runs with one of the Target Sets Off. The 
Cunent Accounting Procedures then use differences in these stream baseflow estimates 
to calculate the impacts on stream baseflow caused by each Target Set. The problem 
with the Cunent Accounting Procedures identified by Nebraska occurs because these 
differences do not account for the Total Impacts. 

7 Terminology in the Current Accounting Procedures (e.g., section IlI.D.l) is not entirely consistent on the use of 
streamflow and baseflow. In this report, the net groundwater discharge to the stream is referred to as "stream 
baseflow." 
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The Total Impact of groundwater pumping on stream baseflows for the Frenchman 
Creek near Imperial can be seen in figure 8. This figure shows Model-calculated stream 
baseflows with all Target Sets On (same as in figure 7 above) and Model-calculated 
stream baseflows with all Target Sets Off. A comparison of these two lines shows that 
stream baseflows were essentially identical until around 1955, indicating that 
groundwater pumping had no effect in this part of the Basin up to that time. The impact 
of groundwater pumping causes only marginal differences between the two curves until 
around 1965, after which significant differences become apparent. 

The upper line in figure 8 (i.e., all Target Sets Off) is a representation of what the 
stream baseflows would have been if groundwater pumping had never occurred (mound 
recharge has little to no impact at this accounting point). The slight increase in stream 
baseflows over time would be atttibutable to increases in recharge that occurred over this 
time period. Notice that the effect of this increased recharge is not evident from the 
stream baseflows produced with groundwater pumping On. 

This is why it would be improper simply to take the stream gage data, pick a point 
in time, and estimate the impact of groundwater pumping based on the change in gaged 
flows over time. Using the estimates of stream baseflow from gage data (figure 7), one 
might choose 1965, thereby missing the impacts that OCCUlTed from 1955 to 1965. This 
single-point choice would also miss the fact that stream baseflows would have othelwise 
increased somewhat over time. The Model can produce estimates of stream baseflow 
with and without groundwater development, and the difference between these represents 
the Total Impact of groundwater pumping on stream baseflow in Frenchman Creek. 
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Figure 8. Comparison of Model-generated stream basef10ws for the Frenchman Creek near 
Imperial for I) all Targets Sets On, and 2) all Target Sets OtT. 
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4.0 PROBLEM WITH CURRENT ACCOUNTING PROCEDURES 

Nebraska has identified significant inadequacies in the Current Accounting 
Procedures' ability to account fully for the VWS of the Basin. This problem arises from 
the way in which the Model output is applied by the Current Accounting Procedures. No 
changes to the Model are required or sought by Nebraska to address this problem. 

The problem manifests itself in multiple ways, a glaring example of which is 
presented in Section 4.4.2. This example shows that mound recharge supplied by 
Nebraska provides no accounting benefit over the long term. Moreover, by continuing to 
provide mound recharge, Nebraska's Compact accounting balances are adversely 
impacted over the long term as compared to discontinuing the mound recharge. This 
result demonstrates the nature of the problem. 

Nebraska's first report (NDNR et aI., 2008), along with previous interactions with 
the RRCA, continually refmed Nebraska's Proposed Procedures to the form presented in 
arbitration (Ahlfeld et aI., 2009). These repOlts contain detailed analyses of the behavior 
of the Model and provide technical explanations for the results the Model produces when 
it is used to determine impacts under the CUlTent Accounting Procedures and Nebraska's 
Proposed Procedures. In this section, the problem with the Current Accounting 
Procedures will be demonstrated by using a simple analogy, which highlights the 
unrealistic nature of the results that can be obtained by the Cunent Accounting 
Procedures. 

The analogy will first demonstrate a non-linear response of a single Target Set. 
Then, the analogy will demonstrate the complications that arise when a similar non-linear 
response is caused by two Target Sets. The analogies are useful for understanding these 
complications and demonstrates the failure in othelwise reasonable approaches to 
estimating impacts. 

4.1 Weighing a Single Person on a Scale (One Target Set Analogy) 

Any accounting procedure is fundamentally defined by operational rules. For 
example, when a person is weighed on a scale, the weight shown is the result of the 
difference between two readings: the reading of the weight from the scale when the 
person is on the scale minus the reading of the weight registered by the scale when the 
person is not on the scale. This procedure is greatly simplified by ensUl1ng the scale reads 
zero pounds when the person is not on the scale, which eliminates the need for 
subtraction. 

People are typically weighed individually on a scale, and in most cases a person 
weighs less than the scale capacity, which typical may have a limit of 300 pounds. One 
person can always be accurately weighed, regardless of the procedure used, as long as 
that person weighs less than the scale capacity. The person's weight can be derived in one 
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of two ways. First, one can strut with the person not on the scale and then have the person 
step on the scale. The weight will be calculated by comparing the scale reading with and 
without the person on the scale. Alternatively, one can start with the person on the scale 
and then have the person step off the scale. Again, the weight will be calculated by 
compating the two scale readings. Both approaches yield the srune result. 

Note that if a 350-pound person is weighed on a scale with a capacity of300 
pounds, the impact the person has on the scale will always be 300 pounds regardless of 
whether the person starts the weighing procedure on or off the scale. The distinction 
between the actual weight o{the person and the impact the person registers on the 
scale is important because it is the impact that is required/or use in the RRCA 
Accounting Procedures. Detelmining the response of a scale to the weight of a person 
captures the case in which the person weighs more than the scale capacity. 

For example, given a scale capacity of300 pounds, the maximum impact a person 
weighing 150 pounds can have on the scale is 150 pounds (figure 9). Given the srune 
person and a scale capacity of 100 pounds, however, the maximum impact the person can 
have on dle scale is only 100 pounds, and the remaining 50 pounds of the person's actual 
weight has no additional impact on the scale. In this case, we can say that weighing the 
150 pound person on a scale with a capacity of 100 pounds generates a non-linear scale 
response. As the person steps on the scale, the scale reading increases linearly (the scale 
reading increases by one pound for each additional pound of weight applied) until 100 
pounds of the person's weight have been applied to the scale. At this 100-pound point, 
the scale's response becomes non-linear. After this point, the application of additional 
weight no longer results in any change in the scale reading. 

This type of non-lineru· response is at the root of the issue regarding the Current 
Accounting Procedures. As set forth in Section 4.3, further potential complication arises 
when more than one person is on the scale, and one wishes to determine the individual 
impact 0/ each person. 
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Figure 9. Comparison of the scale response with the application of 150 pounds of weight for 
scale capacity of 100 pounds and scale capacity of 300 pounds. 

4.2 Estimating Impacts of G.'oundwater Pumping and Mound Recharge 

The estimation of the impact of groundwater pumping and mound recharge for 
accounting purposes has simjlalities to the scale problem. The scale capacity can be 
related to the available baseflow in the stream. The impact of each persoll on the scale is 
analogous to the impact of groundwater pumping in each state. 

The typical scale has an un impacted reading (reading with nothing being weighed) 
of zero. The typical ullimpacted stream has some nOll-zero amount of annual flow, 
tel1lled the "Virgin Stream Baseflow" in tJlis document. Placing people on the scale 
produces an impacted reading. Similarly, groundwater pumping reduces the stream 
baseflow to some amount less than the Virgin Stream Baseflow, termed the "Remaining 
Stream Baseflow" in this document. If sufficient weight is applied, the scale reaches its 
capacity, at which point the further addition of weight produces no additional response 
fl.-om the scale. Similarly, with enough pumping, the Remaining Stream Baseflow is 
reduced to zero, at which point additlonal pumping can have no further impact on the 
sh·eam. 
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In order for the CmTent Accounting Procedures to be valid, they must be able to 
resolve the Total Impact to Virgin Stream Baseflow from four Target Sets8 of stresses: 1) 
Nebraska groundwater pumping, 2) Kansas groundwater pumping, 3) Colorado 
groundwater pumping, and 4) mound recharge. The Total Impact ofthese four Target 
Sets can be directly estimated only by computing the difference between two Model runs: 
a ModellUn with all Target Sets On and a ModellUn with all Target Sets Off. This 
comparison is the "VWS Metric", conceptualized by Kansas in a memo dated September 

9 18,2007 . 

The Model-calculated stream baseflows valY nonlinearly with the level of Target 
Set activity in some cases. Because the approach of the Current Accounting Procedures 
requires a linear response, the approach utilized by the Current Accounting Procedures 
(i.e., estimating each individual impact of the four Target Sets, and then summing them 
together to estimate the Total Impacts), fails to account fully for the Total Impacts in 
those non-linear cases. The arbitrator's ruling recognized thefundamental properties of 
a non-linear system, by stating that Nebraska's calculation of Virgin Water Supply, 
which utilized these Total Impacts, was superior to the process outlined in the Current 
Accounting Procedures. 

In many sub-basins only one or two ofthe four Target Sets has any impact on 
Virgin Stream Baseflow. For the cases in which only one Target Set has an impact on 
Virgin Stream Baseflow, the Current Accounting Procedures are adequate. An example 
of this is the Driftwood Creek sub-basin, which covers areas of both Kansas and 
Nebraska (figure 1). In this sub-basin, groundwater pumping in Nebraska is the only 
Target Set that has an impact on Virgin Stream Baseflow at the accounting point for 
Driftwood Creek. Reasons for this may include a relative lack of groundwater pumping in 
the Kansas portion of the Driftwood Creek sub-basin or that Driftwood Creek is only an 
intermittent stream (i.e., without stream baseflow) in and near Kansas. 

Figure 10 shows the Virgin Stream Baseflow in Driftwood Creek and the 
Remaining Stream Baseflow with groundwater pumping in Nebraska. The Virgin Stream 
Baseflow values can be obtained from any ModellUn with Nebraska groundwater 
pumping Off. From figure 10 it can be observed that the Virgin Stream Baseflows varied 
between about 1,500 acre-feet and about 3,500 acre-feet per year from 1950 to 2006. This 
variability is due to the amount of recharge experienced in the Driftwood Creek sub
basin. In a given year, the maximum impact that groundwater pumping in Nebraska can 
have on Driftwood Creek will depend on the Virgin Stream Baseflow in that same year. 
This annual change in Virgin Stream Baseflow has an effect on impact accounting 
analogous to changing the scale capacity. 

8 See Section 2.3.3 for discussion of the use of this tenn throughout this report. 
9 See Appendix B for discussion of the VWS Memo. 
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Figure 10. Virgin Stream Basetlow and Remaining Stream Basetlow for DIiftwood Creek. 

The Remaining Stream Baseflow is also the same for Driftwood Creek whether 
the other Target Sets (Kansas and Colorado groundwater pumping and the mound 
recharge) are On or Off. Note that, even with Nebraska groundwater pumping active, the 
Remaining Stream Baseflows are always significantly greater than zero (i.e., less tha11 the 
scale capacity). The difference between the two lines in figure lOis the magnitude of the 
impact of groundwater pumping in Nebraska to Virgin Stream Baseflow in Driftwood 
Creek. This result would be obtained with both the ClllTent ACCollllting Procedures and 
with the Nebraska's Proposed Procedures. 

To summarize this example, groundwater pumping in Nebraska is the unly Target 
Set that has an impact on Virgin Stream Baseflows in Driftwood Creek and the impact of 
that groundwater pumping has never been greater than the Virgin Stream Baseflow in 
Driftwood Creek (i.e., the Remaining Stream Baseflow is always greater than zero). In 
tenllS of the scale analogy, we are on Iy weighing one person and the im pacted reading on 
our scale is always less than the scale capacity . Therefore, given the range of historic 
conditions experienced (i.e. , recharge due to precipitation, canal leakage, and excess 
surface water inigation, groundwater pumping), the relationship between groundwater 
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pumping in Nebraska and Virgin Stream Baseflow in Driftwood Creek has been 
essentially linear. 

Complications can complication can arise when more than one Target Set has an 
impact on stream baseflow and when Remaining Stream Baseflow reaches zero (i.e. scale 
capacity is reached). These complications and significant difficulties they can cause, 
when the Current Accounting Procedures are utilized, are explained by returning to the 
scale analogy. 

4.3 Weighing Two People on a Scale (Two Target Set Analogy) 

Consider further the question of a scale with a 300 pound scale capacity, but now 
with two people (Person A and Person B) each weighing 250 pounds. The weight of each 
person will also be referred to as their Potential Impact in this discussion. Because of the 
limitation of the scale capacity, the maximum impact these two people can have on this 
scale is 300 pounds. If they both step on the scale the reading will be 300 pounds; this 
will be referred to as the Total Impact caused by the two people being on the scale. Now 
consider, how much of that 300-pound Total Impact to the scale is caused by each 
person? There are several ways to test this. If both people are placed on the scale, then 
Person A could fIrst step off the scale, and the scale readings with and without Person A 
on the scale could be compared. The reading with Person A and Person B on the scale is 
300 pounds, and the reading with only Person B on the scale is 250 pounds, so the impact 
on the scale of Person A would be calculated as 50 pounds. Repeating the same process 
for Person B, with Person A back on the scale, would yield the same result, 50 pounds of 
impact generated by Person B. 

Under this system, each person would be charged with causing 50 pounds of 
impact to the scale. These values will be referred to as the Apparent Impact of these two 
people. The sum of the Apparent Impact values is 100 pounds, in this case. Thus, of the 
Total Impact to the scale, 300 pounds, 200 pounds is unaccounted for. This set of 
calculations does not produce a realistic result in this example. This process is 
analogous to the Current Accounting Procedures. The portion of the Total Impact that 
is not accounted for as part of the Apparent Impact of the two people will be called the 
Unaccounted Impact (see table 2 for definitions of these and other terms to be used for 
the remainder ofthis discussion). This is represented by the following relationship: 

Unaccounted Impacts = Total Impacts - Sum of Apparent Impacts 

Based on this relationship, the assignment of impact ("Assigned Impact") to each person 
should be calculated as follows: 

Assigned Impact = Apparent Impact + Appropriate Assignment of Unaccounted 
Impact 
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The Appropriate Assignment of Unaccounted Impact associated with each person 
is based on each person's physical ability to have caused those Unaccounted Impacts. 
This is the basis for Nebraska's Proposed Procedures. 

Table 2. Definitions of impact terminology. 

Term Definition 

Total Impact The combined impact of all Target Sets 
evaluated simultaneously. This is also the 
Kansas VWS Metric. 

Potential Impact The maximum impact that a single Target 
Set can have. This is equal to the weight of 
a person up to the scale capacity in a one or 

T S' . 10 two arget- et SItuatIOn. 

Apparent Impact The impact estimate that is obtained when 
evaluating the impact of a Target Set in the 
presence of all other Target Sets. For 
example, the relative impact of a person on 
the scale when all other people are also on 
the scale. This is the result obtained from 
the Current Accounting Procedures. 

Unaccounted Impacts The difference between the Apparent 
Impacts of all Target Sets and the Total 
Impacts. 

Appropriate Assignment of Unaccounted The portion of the Unaccounted Impacts 
Impacts assigned to each Target Set based on that 

Target Sets ability to have caused the 
Unaccounted Impacts. 

Assigned Impacts The Apparent Impact plus the Appropriate 
Assignment of Unaccounted Impacts 

In the application of the accounting lUles in the preceding example, one or both 
person's impact on the scale has been significantly underestimated. The Total Impact is 
300 pounds, and the methods employed through the Current Accounting Procedures have 

: 

10 The Potential Impactsbecome somewhat more complex when more than two Target Sets contribute to the Total 
Impacts. This will be explored further in Section 4.2. 
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only apportioned 100 of those pounds (i.e., sum of Apparent Impacts above). A second 
approach to estimating each person's impact on the scale would be to start with neither of 
them on the scale, and then to have each individual step on the scale in its unimpacted 
( empty) state. Starting with a reading of zero pounds, and comparing this to a reading of 
250 pounds with either person on the scale, we would detelmine that each person has an 
impact of 250 pounds on the scale. Although this may accurately represent each 
individual weight, or Potential Impact, the combination of these two values exceeds the 
scale capacity (i.e., Virgin Stream Baseflow). Consequently, this accounting process fails 
to produce a reasonable result. Remember, we are not interested in each person's 
weight; we are interested in each person's individual impact to the scale when both 
people are on the scale. In contrast to the Current Accounting Procedures, summing the 
Potential Impacts to the scale in this example would significantly overestimate the impact 
of one or both people toward the Total Impact to the scale of 300 pounds, because our 
individual estintates total 500 pounds, but the scale capacity (i.e., Virgin Stream 
Baseflow) is only 300 pounds. 

Two additional ways could be used to estinlate the contribution of each person's 
weight towards the Total Impact of 300 pounds, but they are both arbitrary!!. For 
example, one could estintate the impact of Person A by placing him on the scale first, and 
then calculating the difference between the scale reading with no one on the scale (zero 
pounds) and the scale reading with Person A on the scale (250 pounds); one would 
conclude, as a result, that Person A caused 250 pounds of the Total Impact. The impact of 
Person B could then be estimated by calculating the difference in the scale reading with 
only Person A on the scale (250 pounds) and the scale reading with Person A and B on 
the scale (300 pounds); this would yield an additional impact by Person B of 50 pounds. 
Conversely, we could use the same process in the opposite order to estimate that Person 
B caused 250 pounds of the impact and Person A caused 50 pounds of impact. The 
preference for which of these two approaches is used would depend on perspective; each 
person may prefer the order that charges them with the least amount of the impact. Both 
of these approaches have the advantage of apportioning 300 pounds in total such that the 
Total Impacts is equaled but not exceeded, but they are both arbitrary and, for that reason, 
not desirable. !2 

11 The term arbitrary in this report is used to describe any situation in which an order for testing the impact of two or 
more Target Sets is needed, but there is no particular reason for the choice of the order for testing the two sets. 
12 An accounting method for the streamflow impacts that has an order might be acceptable if those impacts actually 
occurred in a certain order in time. For example, if Nebraska groundwater development occurred, and the effects of 
tius development were fully realized at the stream before groundwater development occurred in Kansas and 
Colorado then an order of evaluating tile impacts of Nebraska first may not be arbitrary. Kansas and Colorado could 
only cause impacts to any remaining streamflow after Nebraska had impacted it., the development of groundwater 
pumping and mound recharge happened more or less simultaneously throughout the Republican River Basin, 
however, making any ordering of tile evaluation of impacts arbitrary. 
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So the question remains: how should the impact be apportioned between both 
people? To consider this question, suppose the scale capacity were to increase by ten 
pounds. With both Person A and Person B on the scale the Total Impact would increase 
to 310 pounds. Now, which person contributed the extra ten pounds of impact to the 
scale? With the methods aheady described, there is no way to distinguish which pounds 
of body weight from each person contributed to the extra ten pounds of impact on the 
scale. In fact, the Apparent Impact estimates for both people would increase by 10 
pounds each. That is, the addition of 10 pounds to the scale capacity increases the 
Apparent Impact of each person from an estimate of 50 pounds, when the scale capacity 
is 300 pounds, to an estimate of 60 pounds, when the scale capacity became 310 pounds. 
From this, it would appear that both people fully caused the increased impact. This 
comparison is summarized in table 3. One can only conclude, based on the above 
procedure, that each person contributed equally (five pounds) to the additional impact 
(i.e., their Potential Impact exceeds their Apparent Impact). See Appendix C for 
additional discussion on tins two Target Set analogy. 

Table 3. Comparison of results for scale capacity of300 and 310 pounds respectively 
with two people who each weigh 250 pounds. 

Scale Capacity Total Impact Sum Potential Sum Apparent Unaccounted 
Impacts Impacts Impacts 

300 300 500 100 200 

310 310 500 120 190 

Of course, this simple scale analogy cannot, and is not intended to, capture all the 
complexity of the Model and the Compact Accounting. Nevertheless, some of the 
concepts introduced by the scale example apply regardless of model complexity. These 
are summarized as follows: 

1) If scale capacity is not exceeded then individual impacts can be easily detennined 
by adding weight to the empty scale or subtracting weight from a loaded scale. 

2) If the combined weights (sum of Potential Impacts) exceed the scale capacity, then 
different methods (i.e. adding vs. subtracting) produce different calculated impacts 
for each individual contributing weight. 

3) In cases in which the sum of the Apparent Impacts does not equal the Total 
Impacts, an Appropliate Assignment of the Unaccounted Impact is required to 
ensure that the impacts assigned to each individual add up to the same amount as 
the Total Impact registered on the scale. 

4.4 Impact of Two Target Sets in the Republican River Main Stem 
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The Cunent Accounting Procedures do not properly account for the Total Impacts 
to Virgin Stream Baseflow. This problem is most evident in the Republican River Main 
Stem reach between Swanson Lake and Harlan County Lake (Swanson-Harlan Reach). 
This reach lies between the accounting point below Swanson Lake and the accounting 
point above Harlan County Lake (see figure 6). The three key concepts developed in 
Section 4.3 will assist in understanding this problem and developing a solution. 

Groundwater pumping in Nebraska and the mound recharge are the two Target 
Sets that cause most of the impacts to Virgin Stream Baseflow in this reach13. Contrary to 
the scale analogy presented in Section 4.3, these Target Sets have an opposing impact on 
Virgin Stream Baseflow. In spite of this difference, the key concepts developed from the 
scale analogy are still valid. The Cunent Accounting Procedures significantly 
misestimate the combined impact of groundwater pumping in Nebraska and the mound 
recharge in this reach. The effect on Compact Accounting results is substantial and 
particularly detrimental to Nebraska. 

4.4.1 Demonstration of Problem with Current Accounting Procedures 

The discussion begins by considering the Total Impact of groundwater pumping 
and mound recharge computed as the difference between the Virgin Strea.tn Baseflow (all 
Target Sets Off) and the Remaining Stream Baseflow with all Target Sets On. These are 
then compared with the sum of the Apparent Impacts of these two Target Sets using the 
Cunent Accounting Procedures. These values are plotted in figure 11. The sum of the 
Apparent Impacts generally matches the Total Impacts for the period up to around 1980, 
and then this value is generally greater than the Total Impacts. This discrepancy increases 
substantially after the year 2000. The difference between these Total Impacts and the sum 
of the Apparent Impacts derived using the Cunent Accounting Procedures is shown in 
figure 12. This difference represents the Unaccounted Impacts, which, in this case, is a 
negative value. 

13 Groundwater pumping in Kansas and Colorado do have very small impacts to this reach in some years; these are 
neglected to simplifY this discussion. 

34 

Exhibit A 

47 of 1J~0500047 

C-07



35,000 

- .. - l otal II1lPJ~ls 

\ppJ r .... 'Uf Illlpact of ~l.:b r;I~ "'a Pumping 
'\ppar\: 1l1 IIl1p;ld of ;\ Inul1d Rl.:cilargl.: 

., 

.~ 

~,cco l '"" r ' p' .. 
1950 1955 1960 19&5 1970 1975 1930 1985 19~ 199~ ! aoo 2005 2010 

yt.· .. lr 

Figure 11. Comparison of the Total Impacts and the sum of Apparent Impact of Nebraska 
pumping and mound recharge for the Swanson-Harlan Reach . 
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Fignre 12. The Unaccounted Impacts for the Swanson-Harlan Reach . 
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This result is similar to the issue encountered when the Current Accounting 
Procedures are applied to the problem of weighing two people whose combined weight 
exceeds the scale capacity. Specifically, the Current Accounting Procedures assign a 
combined impact to the two Target Sets that differs from the Total Impacts to Virgin 
Stream Baseflow. In this case, the CUlTent Accounting Procedures produces Appal"ent 
Impact values that, when summed, are greater than the Total Impacts, resulting in a 
negative value for the Unaccounted Impacts. This occurs because the Target Sets of 
stresses in the Swanson-Harlan Reach impact stream baseflow in opposite directions 
(groundwater pumping decreases Virgin Stream Baseflow, mound recharge increases 
Virgin Stream Baseflow). This situation was not specifically discussed in tenns of the 
scale analogy, but it is nonetheless compatible with it. The useful concepts from the scale 
analogy, summarized at the end of Section 4.3, still hold. 

The reasons for the Unaccounted Impacts displayed in figure 12 are technically 
complex; they are discussed in detail in prior reports (NDNR et al., 2008; Ahlfeld et al., 
2009). Some insight into the underlying reasons can be gained from figure 13 which 
shows the Apparent Impact of the mound recharge and groundwater pumping in 
Nebraska. Note that the Apparent Impact of groundwater pumping increases overall until 
around 1980 and are generally between 30,000 and 50,000 acre-feet per year after 1980. 
The Apparent Impact of the mound recharge (i.e., IWS Credit) increases steadily 
throughout this entire time period up to about 2000. This trend is expected because the 
mound recharge generally occurs at some distance from the Main Stem and its tributaries 
and the impact of mound recharge should grow slowly and steadily over time, in spite of 
any shOli-tenn variability in actual mound recharge rates. 
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Figure 13. Apparent Impact of Nebraska pumping and mound recharge for the Swanson-Harlan 
Reach The IWS Credit is computed as a positive value and subtracted from the impact of 
groundwater pumping to account for its opposite effect from groundwater pumping. 

What is surprising in figure 13 is the sudden change in this increasing trend at 
about 2000, when the Apparent Impact of mound recharge is reduced to zero or near 
zero. This anomalous decrease in IWS Credit results from a sigllificant failure in 
Compact accounting that is detrimental to Nebraska. The haml to Nebraska is essentially 
51 % of the value shown in figure] 2 (see Appendix D), and the magnitude of this haml 
on Nebraska ' s annual Compact accounting balancel-l in this reach is shown in figure 14. 
As long as the Total Impacts are represented properly in the accounting, so that there are 
no Unaccowlted Impacts. a reasonable result is obtained, The effect on Nebraska 's 
annual Compact accounting balance has been approximately 8,000 acre-feet per year in 
recent years 15, So, approximately eighty percent of the Basin-wide effect (10,000 acre-

I·' Nebraska 's allJlual Compact balance is calculated as Allocation - (CBCU - I WS Credit). 
I:' A positive value in tcmlS of the effect on Nebraska's annual accounting resulls reflects a value timt is detrimental 
to Nebraska. 
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feet; see Section 6) in recent years on Nebraska's annual Compact accounting balance, 
resulting from the rai lure of the Current Accounting Procedures, originates in the 
Swanson-Harlan Reach. 
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Figure 14. The effect of the Unaccounted Impacts in the Swanson-Harlan Reach 011 Nebraska's 
annual Compact balances. A positive value indicates a detrimellt to Nebraska's Compact 
balance. 

4.4.2 Future Benefit of the Mound Recharge 

The harm to Nebraska in the Swanson-Harlan reach from the Current Accounting 
Procedures results because the impacts of Nebraska groundwater use and mound recharge 
are regarded as separate Target Sets in this reach, although no essential reason exists for 
separating these two Target Sets for the purposes of Compact accounting. If these two 
Target Sets had been combined together as one Target Set, this problem would not arise 
in the Swanson-Harlan Reach, and the Unaccounted Impacts in that reach would be zero 
or near zero. 

The recognition of the IWS Credit was critical to Nebraska's agreeing to the tenns 
of the FSS. The mOllnd recharge, approximately 500,000 acre-feet per year, transfers 
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water from the Platte River Basin to the Republican River Basin, thereby increasing 
water supplies in the Republican River Basin. The intent of including the IWS Credit in 
the FSS was to recognize this benefit, which provides Nebraska with the incentive to 
continue this practice. 

The misestimations of the impacts of Nebraska pumping and mound recharge 
derived from the Cunent Accounting Procedures may create an unrealistic result. This is 
cleruly illustrated by analyzing the scenario offered by Kansas in its filing to the Supreme 
COUli (Kansas petition C20)I6. Generally speaking, this future scenario described in 
Kansas' filing simulates average climatic and water-use conditions for a future period of 
50 years, beginning in 2009. The Kansas filing shows the impact of Nebraska 
groundwater pumping over this period under these conditions. For the sake of simplicity, 
it is more appropriate to combine the impact of Nebraska groundwater pumping and 
mound rechru'ge to represent the combined impact of activities of man in Nebraska on the 
VWS. To understand better the failures of the Cunent Accounting Procedures, Nebraska 
utilized this srune scenario, running it for two conditions: 1) the mound recharge is 
continued, and 2) the mound recharge is not continued17

. Conceptually speaking, the 
combined impact of Nebraska groundwater pumping and mound rechru'ge should be less, 
with the continuation of the mound recharge, than it would be if the mound recharge were 
not continued. Othelwise, no credit for Nebraska from the mound recharge could be 
possible. 

Figure 15 shows the combination of the Apparent Impacts of groundwater 
pumping in Nebraska and mound recharge for the entire Basin (CBCU - IWS Credit), 
under Kansas' average conditions scenario and using the CUlTent Accounting Procedures. 
This figure illustrates the value of the (CBCU - IWS Credit) computation that would 
result with the continuation of mound recharge. It then shows the value of the (CBCU -
IWS Credit) computation that would result if the mound recharge were not continued. 

Nebraska is more likely to have a negative annual Compact accounting balance 
when the value for (CBCU - IWS Credit) increases. As can be seen from figure 15, all 
other things being equal, Nebraska's annual Compact accounting balances in the future 
would receive no benefit from the mound recharge. FUlther, Nebraska's annual Compact 
accounting balances in the future would actually be improved [i.e., (CBCU-IWS Credit) 
is decreased] if the mound recharge was not continued. 

16 The files were obtained in July 2011 from http://dwr.kda.ks.gov/20ll0725ProductionIKSOOOOlO 
rrca _ model_ data.zi p 
17 Under this scenario, all recharge associated with the mound is discontinued. It would be as if the diversion of 
water from the Platte River into the canals south of the Platte River were permanently discontinued. 
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I n short, the Current Accounting Procedures produce the absurd result that the 
continuation, of groundwater recharge by Nebraska, in amounts in excess of 
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future compliance effOlts than recharging no water at alL This is directly contrary to a 
reasonably-anticipated conclusion that recharging water should, logically', increase stream 
baseflows. This accounting outcome fails to retlect the actual benefits of the mOlllld 
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Figure 15. Basin-wide Apparent Impacts of Nebraska pumping and mound recharge (CBCU
lWS Credit) under the Kansas future scenario with mound recharge continuing and mound 
recharge not continuing The difference between these two lines was previollsly illustrated in 
tigure ES-2. 

4.5 Impacts in other Sub-basins and Basin-wide 

The CLUTent ACcowlting Procedures also fail to account for the Total Impact due 
to groundwater pumping and mound recharge in Illunerous other sub-basins and Main 
Stem reaches. Figure 16 shows the Unaccounted Impacts for other sub-basins for which 
the Apparent Impacts of the two or more Target Sets do not equal the Total Impacts. 
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Detailed technical analysis for some of these sub-basins can be found in NDNR et al. 
(2008) and Ahlfeld et al. (2009). In some cases, the sum of Apparent Impacts is less than 
the Total Impact (shown as positive Unaccounted Impacts in figure 16), and, in other 
cases, the sum of Apparent Impacts is greater than the Total Impacts (shown as negative 
Unaccounted Impacts in figure 16). Using procedures that yield more scientifically 
reasonable and realistic results, the values in figure 16 would always be zero. Nebraska's 
Proposed Procedures accomplish just this anticipated result. 
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Recall from Section 4.4.1 that the Unaccounted Impacts in the Swanson-Harlan 
Reach were negative (figure 12). Notice that for many of the sub-basins and yean in 
figure 16, the Unaccounted Impacts are positive. If the Unaccounted Impacts are summed 
for the enrire Basin, these problems are masked because, in many years, negative and 
positive values roughly balance each other (figure 17). This is a false assessment of this 
problem. however, for several reasons. First the vruious sub-basins and the Main Stem 
all have different Allocations assigned to each of the three states Ollt of the sub-basins. 
Second, regarding the impacts of groundwater pumping, the presence and magnitude of 
each state's impact on the sub-basins alld the Main Stem vary across the Basin. Finally, 
and IllOst importantly. the accollilting problems that arise in the sub-basins and Main 
Stem reaches impacted ptimarily by mound recharge and Nebraska ground\-vater pumping 
(e.g., Swanson-Harlan Reach) dramatically impact Nebraska, as discllssed in Section 
4.4.1 and shown in figure 14. The Ullaccounted Impacts in the Swanson-Hat/all Reach 
cannot be balancetillJ1ller current Compact accounting by additional Unaccounted 
Irnpacts in other sub-basins. In other words. these two wrongs do not make it right. The 
Unaccountecl [mpacts in the other sub-basins simply add to the total problem of adverse 
effects on Nebraska's annual Compact accounting balallce. 
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Figure 17. The sum of Unaccounted [mpacts for the entire Basin (Basin Total), and the sum of 
the absolute value of the Unaccounted Impacts for the entire Basin (Basin Absolute Total) 
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Computing the absolute values18 of the Unaccounted Impacts shows the full 
magnitude of the failure of the Cunent Accounting Procedures across the Basin. All 
values are assigned a positive sign, and then summed together as shown by the Basin 
Absolute Total in figure 17. In recent years the total magnitude of the Unaccounted 
Impacts has been approximately 30, 000 acre-feet per year. The failure of the Cunent 
Accounting Procedures has deprived Nebraska of Compact entitlements of up to 10,000 
acre-feet per year in recent years, as shown in Section 6.1. 

18 The absolute value of a number is the numerical value of that number regardless of its sign. The absolute value of 
a number can be thought of as its distance from zero. 
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5.0 THE SOLUTION 

As demonstrated in Section 4, the problem with the Cunent Accounting 
Procedures occurs in many sub-basins and Main Stem reaches. Four total Target Sets are 
present in Republican River Compact Accounting, and the number of individual Target 
Sets involved in determining impacts from these Target Sets varies by sub-basin/Main 
Stem reach and over time. Therefore, a solution that can deal with any combination of 
these four Target Sets is developed below. The changes to the RRCA Accounting 
Procedures and RepOlting Requirements (revised August 8, 2010) required to implement 
Nebraska's Proposed Procedures aTe explained in Appendix E. 

5.1 Criteria for Appropriate Solution 

Several important general qualities are desirable in any procedure that is used to 
estimate the quantity of something (e.g., the individual impact of two people on a scale or 
of two Target Sets on Virgin Stream Baseflow). First, the procedure needs to produce 
reasonable and realistic results. Second, the procedure should not be arbitrary. When no 
reason to apply any ordering exists, the assignment of impacts should not depend on an 
arbitralyordering. 

In order to develop, Nebraska's Proposed Procedures, two criteria were defined to 
be consistent with these qualities. The first critetion is that Nebraska's Proposed 
Procedures should produce individual values for impacts of Target Sets that when 
summed together are equal to the Total Impact of the combination of the Target Sets. 
This concept is identical to the VWS Metric proposed by Kansas (Appendix B). This 
criterion meets the requirement for apparently realistic results, but, more precisely, the 
results should not just seem realistic but should be verifiable and reproducible by a 
separate test. This process of verification involves mnning the Model with all Target Sets 
On, mnning the Model with all Target Sets Off, and comparing the resulting stream 
baseflows. 

The second criterion is that impacts should be detelmined using the same 
modeling approach used in the Cunent Accounting Procedures, and when the Cunent 
Accounting Procedures already meet the first criterion, the result of Nebraska's Proposed 
Procedures should be identical. Thus, in addition to the general qualities that the 
accounting process produce realistic results and not be arbitrary, the following specific 
criteria are also met in development of Nebraska's Proposed Procedures: 

1) The sum of the individually derived impacts should equal the Total Impacts. 

2) The result obtained from Nebraska's Proposed Procedures should be identical 
to that of the Cunent Accounting Procedures in all cases in which the Current 
Accounting Procedures' results ah'eady satisfy criterion (1) above. This also 
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means that any given Target Set would only be simulated as fully On or fully 
Off19. 

Nebraska Proposed Procedures, outlined below, are consistent with these criteria. 

5.2 Nebraska's Proposed Procedures 

As previously mentioned, four Target Sets are applied in the Model in the 
Republican River Compact Accounting: 1) groundwater pumping in Nebraska, 2) 
groundwater pumping in Kansas, 3) groundwater pumping in Colorado, and 4) the mound 
recharge. The number of combinations that are possible for a given number of Target 
Sets, assuming each Target Set is either fully On or fully Off, is equal to 2n (two to the 
power of n), where n is equal to the number of Target Sets of interest. For the case in 
which four Target Sets are of interest, the total number of combinations is equal to 16 (2n 
= 24 = two to the power of four = 2 * 2 * 2 * 2 = 16). These are shown in table 4. 

Nebraska's Proposed Procedures utilize the Model to complete simulations that 
represent these 16 combinations. The letters in the Run Name column represent which 
Target Set is On during the run. For instance, C indicates that groundwater pumping in 
Colorado is On, K indicates that groundwater pumping in Kansas is On, N indicates that 
groundwater pumping in Nebraska is On, and M indicates that the mound recharge is On. 
The symbol e (the Greek letter "Theta") is used to indicate the model run with all four 
Target Sets Off. 

The output of Model run e includes the Virgin Stream Baseflows in the sub-basins 
and Main Stem reaches. The other runs represent the Remaining Stream Baseflow in the 
presence of one or more of the Target Sets of stresses. Table 5 shows the combinations of 
Model runs that represent the Apparent Impact calculation obtained from the Cunent 
Accounting Procedures. 

Recall that the Unaccounted Impacts are the difference between the Total Impacts 
and the sum of Apparent Impacts: 

Unaccounted Impacts = Total Impacts - Sum of Apparent Impacts. 

19 This criterion was separated into two criteria in earlier reports (NDNR et al., 2008; AhJfeld et al., 2009). 
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Table 4. The 16 potential combinations of Target Sets with each Target Set either fully 
On or fully Off. 

Run Colorado Kansas Mound Nebraska 
Name Pumping Pumping Recharge Pumping 
<9 OFF OFF OFF OFF 

CKMN ON ON ON ON 
CKJv! ON ON ON OFF 

CMN ON OFF ON ON 

CKN ON ON OFF ON 

KMN OFF ON ON ON 
CK ON ON OFF OFF 

eM ON OFF ON OFF 

eN ON OFF OFF ON 

KJv! OFF ON ON OFF 

KN OFF ON OFF ON 

MN OFF OFF ON ON 

C ON OFF OFF OFF 

K OFF ON OFF OFF 

M OFF OFF ON OFF 

N OFF OFF OFF ON 

When the sum of the Apparent Impact values is equal to the Total Impacts, there 
are no Unaccounted Impacts and the result of the calculations in table 5 is adequate. 
When there are Unaccounted Impacts, these must be assigned to each Target Set in some 
manner by combining some pOluon of the Unaccounted Impact with the Target Set's 
Apparent Impact. This assignment must be based on the Targets Set's ability to have 
caused the Unaccounted Impact. In Nebraska's Proposed Procedures, this is 
accomplished by using the difference of the Potential Impact and the Apparent Impact. In 
contrast to the situation with only two Target Sets, the evaluation of Potential Impact 
with four Target Sets is complex. For each Target Set of interest, eight differences can be 
evaluated, in which the Target Set is On in one Modelmn and Off in another Modelmn, 
while all other Target Sets remain unchanged. These are all considered in developing the 
methodology for detetmination of the Potential Impact for each Target Set, as described 
in Appendix F. 
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Table 5. The Apparent Impact calculations used in the CUlTent Accounting Procedures. 

Calculation Result 

CKMN-KMN Apparent Impact of Colorado pumping 

CKMN-CMN Apparent Impact of Kansas pumping 

CKN-CKMN2U Apparent Impact of mound recharge 

CKMN-CKM Apparent Impact of Nebraska pumping 

The basic equation for calculating the Assigned Impact with four Target Sets is: 

Assigned Impact = Apparent Impact + [(Potential Impact - Apparent Impact)/4] 

Combining the Potential Impact with the Apparent Impact according to this equation, and 
realTanging terms yields the following equations for detelmining the Assigned Impact for 
these four Target Sets: 

Assigned Impact of groundwater pumping in Colorado = [(9-C) + «K-CK) + (M
CM) + (N-CN))/3 + «KM-CKM) + (KN-CKN) + (MN-CMN))/3 + (KMN
CKMN)]/4 

Assigned Impact of groundwater pumping in Kansas = [(9-K) + «C-CK) + (M
KM) + (N-KN))/3 + «CM-CKM) + (CN-CKN) + (MN-KMN))/3 + (CMN
CKMN)]/4 

Assigned Impact of groundwater pumping in Nebraska = [(9-N) + «C-CN) + (M
MN) + (K-KN))/3 + «CM-CMN) + (CK-CKN) + (KM-KMN))/3 + (CKM
CKMN)]/4 

Assigned Impact of mound recharge = [(M-9) + «CM-C) + (KM-K) + (MN-N))/3 
+ «CKM-CK) + (CMN-CN) + (KMN-KN))/3 + (CKMN-CKN)]/4 

These are Nebraska's Proposed Procedures. Application of these equations, 
utilizing the appropriate Model output for each Model run, produces results that: 

20 The differences in tIlis equation, and all other equations for calculation of the impact of mound recharge (IWS 
Credit) are reversed to produce a positive result. The convention in Compact Accounting is to represent the IWS 
Credit as a positive value, then to subtract it in the accounting to generate a "credit." The effect is the same as 
producing a negative value and then adding it into tile Accounting balances. 
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o 

• Always fully distdbute any Unaccounted Impacts, such that the sum of these 
impact estimates always equals the Total Impacts; 

o Always produce the same results as the CutTent Accounting Procedures when 
there are no Unaccounted Impacts; and 

• Always produce the same results as the simpler equations for two Target Sets (see 
Appendix C) when there are only two Target Sets that impact a given sub~basin or 
Main Stem reach. 

Examples of these cases using the scale analogy are presented in Appendix G. 

5.3 Application to the Swanson - Harlan Reach 

For the purpose of demonstrating the effect of the Nebraska's Proposed 
Procedures relative to the CutTent Accounting Procedures, results are presented for the 
Swanson~Harlan Reach for groundwater pumping in Nebraska and for mound recharge. 
Kansas and Colorado both have minor impacts to this reach in some years. Nebraska's 
Proposed Procedures produce individual values for the impact of groundwater pumping 
and mound recharge that sum to the Total Impact of these Target Sets on the Swanson to 
Harlan Reach. Recall that Nebraska's Proposed Procedures start with the Apparent 
Impact (result of Current Accounting Procedure) and add an Appropriate Assignment of 
the Unaccounted Impacts (if any) to each Target Set based on their ability to have caused 
the Unaccounted Impacts. 

Figures 18 and 19 show the Apparent Impacts and Assigned Impacts from 
Nebraska's Proposed Procedures for groundwater pumping in Nebraska and mound 
recharge, respectively. Notice that Nebraska's Proposed Procedures only produce a 
different result when Unaccounted Impacts exist. The same is true for the impact due to 
groundwater pumping in Kansas and the mound recharge. The difference between the 
Apparent Impact and the Assigned Impact is roughly proportional to the difference 
between the Potential Impact and the Assigned Impact. This is because only two Target 
Sets (Nebraska groundwater pumping and mound recharge) have a significant effect on 
Virgin Stream Baseflow in this reach. 
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Figiii'e 18. The Assigned Inlpact and the Apparent Iinpact for groundv-luter ptHllping in Nebraska 
ill the Swanson-Harlan Reach. 
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Figure 19. The Assigned Impact and the Apparent Impact for mound recharge in the Sw'anson
Harlan Reach. 
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The Appropriate Assignment of Unaccounted Impacts is approximately equally 
split between Nebraska groundwater pLUnping and mOllnd recharge (figure 20) . The 
Unaccounted Impacts assigned to groundwater pumping in Kansas and Colorado are 
essentially zero. Therefore, the Assigned impact fro111 Nebrasl<a '5 Proposed Procedures 
is essentially equal to the results of the Clinent Accounting Procedures for these two 
Target Sets. This is because Kansas groundwater pumping and Colorado groundwater 
pumping have little or no ability to cause the Unaccounted Impacts in this reach. 

;0,000 .---- - - - - -----

__ Col oraJn PUllIping 

-0(- Kallsas Pumping 

-+-Nehrasb Pumping 

__ MOllnd Reehargc 

- l O.OOO, - - - - - - -
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Figure 20. The Appropriate Assignment of Unaccounted [mpacts for Colorado groundwater 
pumping, Kansas groundwater pumping, Nebraska groundwater pumping and mound recharge in 
the Swanson-Harlan Reach . 

5.4 Future Benefit of Mound Recharge under Proposal 

Recall from Section 4.4.2 (see figure 15) that the CUlTent AccOlUlting Procedmes 
produce an absurd result with respect to the benefit of continued mound recharge. Using 
the future scenario developed by Kansas, the Current Accounting Procedures would make 
it appear that continuing the mound recharge would actually be halll1ful to the Basin and 
to Nebraska's compliance ability in the future. Mound recharge is an activity of man that 
actually increases the water supply of the Basin; the FSS recognized that Nebraska 

51 

Exhibit A 

64 of ij~0500064 

C-07



should receive full credit for that beneficial activity. Under the Current AccOlUlting 
Procedures, for the simulations presented here. the continuation of the mound recharge is 
detrimental to Nebraska. 

Figure 21 shows the same information for the same scenario shown in figure 15 
above, except that the depletions due to groundwater pUlllping in Nebraska and the 
mound recharge are determined llsing Nebraska 's Proposed Procedures, Under these 
latter procedures, the continuation of the IWS recharge actually does create a credit for 
Nebraska and jf the mOllnd recharge were to be pennanently discontin ued (all other 
things being equal) Nebraska's annual Compact balance would be diminished. This is a 
reasonable result. This is a ped'ect example of how Nebraska's Proposed Procedures 
address the issues arising from the application of the CU11"ent Accounting Procedures in 
certain instances. 

250.000 
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- .'- lOll tillllC MOllnd R.;c!wrgc· 

,,-,-Slup MOllnd Rccharg~ 
230.QOO 

200.000 

-' " 

,~ooo k::--' 
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Figure 21. Basin-wide Assigned Impact of Nebraska pumping and mound recharge (CBCU-IWS 
Credit) under the Kansas future scenario with mound recharge continuing and mound recharge 
not continuing. The difference between these t\VO lines was previously illustrated in figure ES-3 . 
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6.0 SIGNIFICANCE 

In Section 4, the problem with the Current Accounting Procedures in the 
Swanson-Harlan Reach was analyzed. The results of the Current Accounting Procedures 
cause hann to Nebraska's annual Compact accounting balances, in amounts exceeding 
8,000 acre-feet per year in recent years. Using Nebraska's Proposed Procedures 
developed in Section 5, the annual Compact accounting balances from previous years can 
be computed in a manner that accounts for the Total Impacts. In this section, the Basin
wide effect of this problem, if left unresolved, will be illustrated for past and future years. 
In the recent past, the basin-wide harm to Nebraska was approximately 10,000 acre-feet 
per year. The potential effect of this problem in future years may exceed 20,000 acre-feet 
per year. 

6.1 Results of Previous Accounting 

Figure 22 shows the net change (Nebraska's Proposed Procedures minus Current 
Accounting Procedures) in Nebraska's annual Compact accounting balance21 calculated 
back to 1981. Note several things from this graph. First of all, the Current Accounting 
Procedures are always detrimental to Nebraska. In one year (1993), the difference was 
very nearly zero. Otherwise, the difference has generally been at least 1,000 acre-feet per 
year. Second, for the period 1981-2000, the difference was generally between 1,000 and 
5,000 acre-feet per year; the five-year moving average was generally between 2,000 and 
4,000 acre-feet per year; and the average difference was about 3,300 acre-feet per year. 
The difference slowly increases by about 150 acre-feet per year during this period. Also 
note that, during the drought of 1988-1991, no significant change in this discrepancy can 
be seen. Next, notice that for the period after 2000, the difference increases dramatically. 
The average difference during this time period is about 8,000 acre-feet per year. In four 
of these years, including the period 2005-2006, the difference is approximately 10,000 
acre-feet per year. Based on the trend from 1981-2000, even if this issue had been fully 
understood at the time of the settlement, this level of discrepancy should not have been 
expected until the year 2035. Although any discrepancy is unacceptable, this alarming 
increase in recent years, coming during a critical dry period with regard to Compact 
compliance, underscores the importance of resolving this issue. 

21 These Compact balances were derived from Table 3C of accounting procedures. 
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FigUl"e 22. The historic difference in Nebraska '05 annual Compact accounting balances between 
the Apparent Impact and the Assigned Impact A positive value indicates a detrime"t to 
Nebraska's Compact balance. 

6.2 Future Results if Left lInresolved 

It is not possible to know with certainty if this discrepancy, left unresolved, will 
continue to increase at s uch an aJanning rate, The analysis presented by Kansas in their 
Petition to the Supreme Court (Kansas Petition C20) can be used to examine how this 
discrepancy affects the future compliance picture for Nebraska, Tills analysis utilized 
average conditions that were repeated for a peliod of 50 years. The difference 
(Nebraska's Proposed Procedures minus CUlTent Accounting Procedures) in Nebraska's 
annual compliance balance under this future scenario is shown in figure 23. 
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FigUl"e 23. The future difference in Nebraska ' s annual Compact accounting balances between 
the Apparent Impact and the Assigned Impact, using the Kansas ful1lfe scenario A positive 
value indicates a detriment to Nebraska ' s Compact balance. 

As this figure shows, the discrepancy grows significantly over time under this 
scenatio, increasing to greater than 20,000 acre-feet per year after 50 years. Remember 
that this scenario utilizes average conditions; recent experience has shown that this 
discrepancy is worst in dlY years. Without question, the Current Accounting Procedures 
calise a result that is signifIcantly il1jurious to the State of Nebraska and her water users. 
The economic impact that would be created by a future need to compensate for this 
accounting problem would be immense. Over this fifty-year period, Nebraska would need 
to under-utilize its Compact entitlement by nearly 800,000 acre-feet of water. This 
amounts to approximately one-qumter of a trilliofl gallons of water. Put another way, this 
would provide 311 average annual public water supply for a city of 80,000 people (Hutson 
et aI., 2004), Im'ger than the city of Portland, Maine. in agricultural tenns, tens of 
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thousands to hundreds of thousands of acres22 of inigation would need to cease. In 
addition, this is only a fifty-year projection; the Compact has already been in place for 
longer than 60 years, and water use for inigation has existed in the basin for more than 
100 years. Therefore, the insistence by Kansas and Colorado on continuing the use of the 
Cunent Accounting Procedures produces a gross Iuum to the State of Nebraska and its 
water users. These accounting procedures must be changed, and Nebraska's Proposed 
Procedures should be implemented. 

22 Generally, irrigators in the Republican Basin are allowed between 9 to 12 inches of water per year. However, 
pumping one acre-foot of groundwater can have a much lower effect to streamflow, depending on the proximity to 
the stream. Therefore, an acre-foot of stream depletions can irrigate much more than an acre of ground in some 
cases. 
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7.0 SUMMARY 

Republican River Compact Accounting began approximately 50 years ago and has 
been refined numerous times, as engineering knowledge has advanced and as physical 
changes have occIDTed in the basin. The Cunent Accounting Procedures fail to detennine 
the impacts of groundwater pumping in each state and of mound recharge. Nebraska's 
Proposed Procedures must be adopted because 

• They eliminate Unaccounted Impacts, effecting a better accounting of the YWS, 
the volume of water each state receives, the IWS Credit, and the State's arumal 
Compact accounting balances. 

• The Cunent Accounting Procedures yield an absurd result for the Total Impact of 
groundwater pumping and the mound recharge. 

• The result of the Cunent Accounting Procedures is detrimental to Nebraska, and 
provides unwananted benefits to Kansas and Colorado. 

• Nebraska's Proposed Procedures are not a wholesale alteration, but rather a 
necessmy refmement, that yields essentially the same result as the Cunent 
Accounting Procedures in cases in which there are no Unaccounted Impacts. 

• If the problem remains uncorrected, Nebraska will be required to consume less 
water than the quantity to which it is entitled under the Compact. This is 
tantamount to a redistribution of the Virgin Water Supply Allocations specified in 
the Compact. 
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APPENDIX A. Curriculum Vitae for James C. Schneider, Ph.D. 

Areas of Specialization 
Ell Water resources management and planning 
Ell Ground-water flow modeling 
Ell Administration of interstate water Compacts, Decrees, and Agreements 
Ell Hydrogeology 
Ell Statistical analysis of hydrologic data 
Ell Surface-water hydrology 
Ell Environmental geophysics 

Education 

Ell Ph.D. in Geology (May 2003) - University of South Florida, Tampa, FL 

Ell M.S. in Geology (May 1998) - Northern Illinois University, DeKalb, IL 

Ell B.S. in Geology (May 1996) - Northern Illinois University, DeKalb, IL 

Professional History 

Ell Deputy Director (2010- ) Nebr(lsk(l Dep(lrtment o/Natur(ll Resources (DNR) 

Responsibilities: Advising and assisting the Director in formulating and administering 
department policies, budget, organization, and work assignments; assisting in formulation 
of state water policies, particularly as they pertain to water quantity issues, including 
serving as liaison with the legislature, other state and local agencies, and public interest 
groups; overseeing the general administration of the department and assuming 
responsibility for the department's operation in the Director's absence; assisting the 
Director in administration of interstate compacts and decrees; serving as the State's 
Representative on technical committees for compacts and decrees; overseeing the work 
of consultants and preparing special reports related to surface water or surface and 
ground water interactions; assisting the Director in reviewing permit applications and 
groundwater management plans; and assisting the Director in water rights hearings and 
analysis of permit applications; supervising the Integrated Water Management Division. 

Ell Head, Integrated Water Management Division (2008-2009) Nebr(lsk(l DNR 

Responsibilities: Manage the integrated water management planning process at the 
Department, including oversight of surface- and groundwater related studies, 
development and implementation of integrated management plans, supervision of the 
Integrated Water Management Division and coordination with other Department 
Divisions, Natural Resources Districts, and other State and Federal agencies. 

Ell Senior Groundwater Modeler (2007) Nebraska DNR 

Responsibilities: Serve as NDNR groundwater flow modeling expert. 
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• Senior Hydrogeologist/Geophysicist (2006) SDII Global Corporation 

Responsibilities: Manage hydrogeology and geophysics projects and prepare contract 
reports and publications. Serve as company groundwater flow modeling expert. Serve as 
company geophysics expert. 

• Staff Geologist (2003 - 2005) SDII Global Corporation 

Responsibilities: Conduct hydrogeology projects and prepare hydrogeology contract 
reports and publications. Assist senior staff as technical resource for litigation and peer 
reviews of technical reports. Serve as company groundwater flow modeling expert. 
Serve as resource to subsidence investigation group. 

• Research Assistant (1998 - 2002) University of South Florida, Geology Dept. 

Responsibilities: Conducting field research, data interpretation, geophysical surveys and 
groundwater model development for a variety of projects throughout Florida as well as in 
other states and in Jamaica. Teaching undergraduate and graduate level lab and lecture 
courses. 

Publications 

Schneider, JC, S.B. Upchurch, J. Chen, C. Cain, J. Good, 2008. Simulation of groundwater 
flow in North Florida and South-central Georgia. Peer reviewed technical report issued 
to the Suwannee River Water Management District. 

Schneider, JC, P.H. Koester, D.R. Hallum, R.R. Luckey, and J. Bradley, 2007. Managing 
Nebraska's groundwater resources in the Platte and Republican River Basins using 
regional groundwater models. Geol. Soc. Am., 2007 Abstracts with Programs. 

Upchurch, S.B., KM. Champion, JC Schneider, D. Hornsby, R. Ceryak, W. Zwanka, 2007. 
Identifying water-quality domains near Ichetucknee Springs, Columbia County, Florida. 
Proceedings of 4th Conference on Hydrogeology, Ecology, Monitoring, and Management 
of Ground Water in Karst Terrains. 

Schneider, JC, S.B. Upchurch, and KM. Champion, 2006. Stream-aquifer interactions in a 
karstic river basin, Alapaha River, Florida. Geol. Soc. Am. Southeastern Section, 2006 
Abstracts with Programs. 

Schneider, J.C. and S.B. Kruse, 2005. Assessing natural and anthropogenic impacts on 
freshwater lens morphology on small barrier islands: Dog Island and 8t. George Island, 
FL. Hydrogeology Journal 14: 131-145. 

Schneider, JC, S. Upchurch, M. Farrell, A. Janicki, J. Good, R. Mattson, D. Hornsby, K 
Champion, D. Wade, K Malloy, 2005. Development of minimum flows and levels for 
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Blue Spring, Madison County, Florida. GeoI. Soc. Am. Southeastern Section, 2005 
Abstracts with Programs. 

Upchurch, S.B., KM. Champion, J.e. Schneider, D. Hornsby, R Ceryak, W. Zwanka, 2005. 
Water-rock interactions near Ichetucknee Springs, Columbia County, Florida. Geol. Soc. 
Am. Southeastern Section, 2005 Abstracts with Programs. 

Schneider, Jc., S.B. Upchurch, KM. Champion, J. Good, and D. Hornsby, 2004. Using 
synthesized data to quantify surface-water/ground-water relationships between Madison 
Blue Spring and the Withlacoochee River of North Florida. U.S.G.S Open File Report 
2004-1332: 4. 

Upchurch, S.B., M. Farrell, A. Janicki, J. Good, RA. Mattson, D. Hornsby, JC. Schneider, D. 
Wade, and K Malloy, 2004. Development of minimum levels and flows for Blue Spring, 
Madison County, Florida. U.S.G.S. Open File Report 2004-1332: 6 
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interactions associated with backwater conditions on the Withlacoochee River of North 
Florida. Florida Scientist 67 (Supplement 1): 52. 
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of North Florida. Florida Scientist 67 (Supplement 1): 52. 

Kruse, S., J Schneider, and l Greenwood, Ejemplos del uso de metodos electricos y 
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costeras, II Congreso Multidisciplinario de Investigacion Ambiental, January 22-23, 
Managua, Nicaragua, 2004. 
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of small carbonate and siliciclastic islands: Examples from barrier islands in Florida, 
USA. Journal of Hydrology 284: 253-269. 

Greenwood, l, S. Kruse, JC Schneider, and P. Swarzen ski , 2002. Shallow seafloor 
conductivity structure from nearshore electromagnetic surveys, Eos. Trans. AGU, 83(47), 
Fall Meet. Suppl., Abstract OS22B-0257. 

Schneider, J.C., and S.E. Kruse, 2001. Characterization of freshwater lenses for construction of 
groundwater flow models on two sandy barrier islands, Florida, USA. First International 
Conference on Saltwater Intrusion and Coastal Aquifers-Monitoring, Modeling, and 
Management, Essaouira, Morocco, 9 p. 
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R. Dean, B. DeArmond, M. Gerseny, M. Lesmerises, R. Csontos, M. Pollock, J. Natoli, L. 
Bierly, J. Nettick., J. Meyer, M. Tibbits, W. Sullivan, .f. Schneider, S. Kruse, V. Peterson, 
S. Yurkovich, 1. Burr, and 1. Ryan, 2001. Geophysical transects across the margins of the 
Carroll Knob mafic/ultramafic complex, Macon County, North Carolina, Geol. Soc. Am. 

Southeastern Section, 2001 Abstracts with Programs, A-67. 

Kruse, S.E., JC Schneider, DJ. Campagna, 1.A. Inman, and T.D. Hickey, 2000. Ground 
penetrating radar imaging of cap rock, caliche and carbonate strata. Journal of Applied 
Geophysics 43: 239-249. 

Schneider, JC, 2000. Beach profile change through a tidal cycle due to groundwater-seawater 
interactions, Geol. Soc. Am. Southeastern Section, 2000 Abstracts with Programs. 

Schneider, Jc., and S.B. Kruse, 2000. Hydrostratigraphy of a developing barrier island, St. 
George Island, Florida, EOS, Trans. AGU, 81, F472. 

Kruse, S.E. and JC Schneider, 2000. Freshwater lens of Dog Island, FL. Technical report 
issued to the Barrier Island Trust. 

Kruse, S.B., JC Schneider, J.A. Inman, and 1.A. Allen, 2000. Ground Penetrating Radar 
Imaging of the Freshwater/Saltwater Interface on a Carbonate Island, Key Largo, Florida. 
GPR 2000: Proceedings of the 8th International Conference on Ground Penetrating 
Radar, Gold Coast, Australia, SPIE Vol. 4084: 335-340. 

Schneider, JC and P.l Carpenter, 1998. Geophysical Identification of Karst Fissures Near a 
Landfill in Southwestern Illinois. Proceedings from the Symposium on the Application of 
Geophysics to Environmental and Engineering Problems, p. 985-992. 

Interstate Organizations 

@ Republican River Compact Administration (2007- ) 

Responsibilities: Participate in Engineering Committee and Compact Administration 
Meetings representing State of Nebraska. Serve as official representative on the 
Engineering Committee beginning in 2010. 

@ Platte River Recovery Implementation Program (2007- ) 

Responsibilities: Participate in Water Advisory Committee and in implementation of 
Nebraska New Depletions Plan. Represent Nebraska on the Governance Committee 
(Chair 2011) and the Finance Committee beginning in 2010. 
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1& North Platte Decree Committee (2010- ) 

Responsibilities: Nebraska alternate to the North Platte Decree Committee. 

1& Interstate Council on Water Policy (2010-) 

Responsibilities: Represent Nebraska on Committees and at annual meetings. Elected to 
the Board of Directors in 2011. 

Expert Witness Testimony 

1& Non-binding arbitration in Kansas v. Nebraska & Colorado, No. 126 Orig. (2008) 

Responsibilities: Provide deposition and trial testimony in non-binding arbitration 
initiated in October 2008 relating to Kansas' claims for damages and future compliance 
and Nebraska's proposal to fix accounting errors. 

• Non-binding arbitration in Kansas v. Nebraska & Colorado, No. 126 Orig. (2010) 

Responsibilities: Provide deposition and trial testimony in non-binding arbitration 
initiated in May 2010 relating to Nebraska's crediting issue and Colorado's augmentation 
pipeline. 
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APPENDIX B. The Kansas Virgin Water Supply Metric 

On September 18,2007, Kansas provided Nebraska with a mem023 summarizing their 
views of the Current Accounting Procedures and the issues Nebraska had brought up relative to 
those procedures (herein referred to as the VWS Metric Memo). This memo is attached to the 
end of this Appendix as Exhibit A. 

Kansas began the VWS Metric Memo by summarizing their understanding of Nebraska's 
concerns at that time. Then Kansas went on to describe what the model is intended to 
accomplish, some of the consideration given to this in developing the Current Accounting 
Procedures leading up to the signing of the FSS, and a test they applied to Nebraska's proposal 
and the results of the Current Accounting Procedures. 

Kansas points out that '[t]he only question with respect to the Model's result s (sic) that 
affect compact compliance is the extent to which activities in a state, either pumping or 
importation of water, affect base flow in the Republican River. To the extent these activities 
affect base flows in the river, they must be counted." (Emphasis added) Kansas further noted 
that "[i]t is clear that (sic) only quantification that is relevant to the compact accounting is the 
depletion or accretion to Republican River stream flow." 

After a brief discussion about impacts to the Republican River from pumping and recharge that 
occurs outside the basin, Kansas continued: 

In order to provide this quantification using the groundwater model, it was agreed 
in the settlement that the impact of each state's pumping or water importation. 
would be determined by comparing the model-computed historical base flow 
condition to the model-computed base flow condition without that activity. The 
states recognized that the sum of the impacts of these individual activities would 
not necessarily exactly equal the model-computed impact of all of the activities 
considered simultaneously. If the groundwater model were mathematically linear, 
it would, in fact, be the case that the sum of the individual affects (sic) would 
equal the affect (sic) determined by considering all of the activities 
simultaneously. However, because the groundwater model is mildly non-linear, 
this mathematical equality does not occur. 

It should be noted that if the impact of all activities considered simultaneously 
were used, it would be necessary to have a method for apportioning the impact 
among the various activities. Such a process was considered unnecessary and it 
was agreed that the impacts from each state's activity would be computed 
separately in spite of the fact that the sum of those impacts may not exactly equal 
the impact of all activities considered simultaneously. 

23 Kansas' Review of Nebraska's Request for Change in Accounting Procedure, September 18, 2007 
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Nebraska understands that the Current Accounting Procedures, as included in the FSS, 
determine the impact of each activity (pumping in a state or recharge of the IWS) by comparing 
the historic model run with all activities included to a run with the specific activity not included. 
Kansas is apparently arguing here that the States accepted this process, in spite of clear 
understanding that the sum of the impacts of these activities would not e.:(act/y equal the model 
computed impacts of all of these activities considered simultaneously (i.e. total impacts, VWS 
Metric). Nebraska agrees that a very small departure between the sum of these impacts and the 
total impact might be acceptable, considering that, as Kansas further notes, a method for 
apportioning the total impacts would otherwise need to be developed. In fact, the definition of 
Computed Beneficial Consumptive Use included in the RRCA Accounting Procedures 
specifically excludes small uses of water (e.g., irrigation ofless than two acres ofland, non
irrigation diversions of less than 50 acre-feet). However, as demonstrated in this report, in 
several ofthe sub-basins, particularly in recent years (post-FSS), it is not a matter of whether the 
two methods match exactly, but rather a situation where the Current Accounting Procedures 
deviate from the total impact by thousands of acre-feet per year. Therefore, Nebraska has 
determined that a process for apportioning the total impact among the various activities is now 
necessary, because it is now clearly not simply a matter of the sum of the currently determined 
impacts matching somewhat less than exactly. 

Kansas next goes on to define a VWS Metric and describe what it represents: 

The ultimate goal of the RRCA Groundwater Model is to provide a measure of 
what base flows would have been if the States had not pumped groundwater or 
recharged imported water. That overall measure could be determined by 
comparing the model-computed historical stream flows to the model-computed 
stream flows with all pumping and recharge of imported water removed from the 
analysis (herein referred to as the "virgin water supply metric"). This measure 
gives us the total impact on stream flows caused by the States' pumping and the 
recharge of imported water. As described above, however, this result does not 
apportion the impact among the States. Conceptually, the condition with no 
pumping and no imported water represents what the stream flows would have 
been if none of this activity had occurred. In that sense, it represents a "virgin 
water supply" condition with respect to the modeled elements of the groundwater 
model and their impact on Republican River stream flows. 

This measure does provide a metric for comparing the accounting method agreed 
to in the settlement with Nebraska's alternative accounting proposal. It is a 
relatively straightforward process to add up the impacts using the accounting 
method agreed to in the settlement or to add up the impacts from Nebraska's 
alternative accounting proposal and compare those totals to the virgin water 
supply metric described above. If the Nebraska alternative accounting proposal 
provides a better approximation of this metric, it is worthy of further 
consideration. 

The second paragraph in this quote from the VWS Metric Memo might seem to indicate 
that the VWS Metric is only a test of potential alternative methodologies for determining the 
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impact of the three States pumping and the IWS. However, subsequent to receiving this Memo, 
in order to fully understand the VWS Metric, Nebraska requested clarification from Kansas as to 
the exact Model runs that were performed to compute the VWS Metric. The reply stated: 

The "virgin water supply metric" is the difference [between] two runs: 1) a new 
run which simultaneously turns off CO pumping, KS pumping, NE pumping, and 
the mound imports minus 2) the Base run done as per the RRCA accounting 
procedures. It thus determines the net impact of all these effects of man in one 
impact run (emphasis added). 24 

This makes the Kansas position regarding the VWS Metric very clear; it represents the "net 
impact" of these four activities of man, namely pumping in the three States and the mound 
recharge. Nebraska agrees that this VWS Metric is the best estimate that we can generate (given 
the current Model) of the net impact of these four activities of man. This is identical to the Total 
Impact values used throughout this report. 

24 Email transmission from David Barfield sent September 18, 2007, attached to this Appendix as Exhibit B. 
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Kansas' Review of Nebraska's Request for Change in Accounting Procedure 
September 18, 2007 

This memo is intended to summarize Kansas' understanding of the Nebraska's proposal for 
changing the agreed upon method of computing pumping impacts using results from the 
Republican River Compact Administration Groundwater Model (Model) and to summarize our 
initial response to the proposal. 

Nebraska believes that the calculation of pumping impacts using results from the groundwater 
model improperly includes the consumption of imported water. Nebraska argues that because 
some of the water pumped by wells is or could be water that originated from imported water, the 
consumption of that water should not be counted in determining the virgin water supply in the 
accounting process. This argument is difficult to understand since no one has ever determined 
the specific origin of groundwater that is pumped and consumed. In other words, whether the 
origin of the pumped water is from natural recharge within the Republican River basin, natural 
recharge outside the Republican River basin, stored groundwater, or imported water has never 
been determined and probably cannot be determined with any degree of reliability. 

In terms of the use of the Model to determine compliance with the Compact, however, the 
specific origin of the water that is pumped and consumed is not the determining factor. The only 
question with respect to the Model's result s that affect compact compliance is the extent to 
which activities in a state, either pumping or importation of water, affect base flow in the 
Republican River. To the extent these activities affect base flows in the river, they must be 
counted. In other words, it is not the source of water that counts, but the depletion or accretion to 
base flow that is associated with the activity that determines the amount of impact that must be 
considered in the compact accounting process. This concept is precisely what is included in the 
Accounting Procedures adopted by the Settlement and what the special master based his rulings 
on in determining that those effects to stream flows in the Republican River are regulated by the 
compact. As it is stated in the Final Report of the Special Master's With Certification of 
Adoption of Republican River Compact Administration Groundwater Model, September 2003: 
" ... the RRCA Groundwater Model which would,for use in the accountingformulasfor 
administering the Republican River Compact, determine both stream flow depletions caused by 
groundwater pumping and streamflow accretions resultingjrom recharge by imported water" 
(Page 1). It is clear that only quantification that is relevant to the compact accounting is the 
depletion or accretion to Republican River stream flow. 

The quantification of depletion or accretion to Republican River base flow is not limited to 
activities that are solely within the boundaries ofthe Republican River Basin. Recharge from 
imported water can cause accretion to Republican River base flow even if the recharge occurs 
outside the boundalY of the basin. To the extent that such recharge provides accretions to 
Republican River base flow, it is counted in the accounting process. Similarly, pumping from 
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locations outside the basin can cause depletions to Republican River base flow. To the extent 

that such pumping causes depletions to base flow, it is counted in the accounting process. Thus 
both positive effects (accretions) and negative effects (depletions) on Republican River base 
flows caused by activities outside the physical boundaries of the basin are treated equally. 

In order to provide this quantification using the groundwater model, it was agreed in the 
settlement that the impact of each state's pumping or water importation would be determined by 
comparing the model-computed historical base flow condition to the model-computed base flow 

condition without that activity. The states recognized that the sum of the impacts of these 
individual activities would not necessarily exactly equal the model-computed impact of all of the 
activities considered simultaneously. If the groundwater model were mathematically linear, it 
would, in fact, be the case that the sum of the individual affects would equal the affect 
determined by considering all of the activities simultaneously. However, because the 
groundwater model is mildly non-linear, this mathematical equality does not occur. 

It should be noted that if the impact of all activities considered simultaneously were used, it 
would be necessary to have a method for apportioning the impact among the various activities. 

Such a process was considered unnecessary and it was agreed that the impacts from each state's 
activity would be computed separately in spite of the fact that the sum of those impacts may not 

exactly equal the impact of all activities considered simultaneously. 

Nebraska has proposed an alternative method of computing the impacts associated with each 
state's activity. This alternative has been proposed to correct what they see as an inappropriate 
accounting of consumed water. While the connection between Nebraska's proposed alternative 
accounting method and their concept of what water is actually consumed is far from apparent, we 
have evaluated the merits of this alternative method regardless of its basis. 

The ultimate goal of the RRCA Groundwater Model is to provide a measure of what base flows 
would have been if the States had not pumped groundwater or recharged imported water. That 
overall measure could be determined by comparing the model-computed historical stream flows 
to the model-computed stream flows with all pumping and recharge of imported water removed 
from the analysis (herein referred to as the "virgin water supply metric"). This measure gives us 
the total impact on stream flows caused by the States' pumping and the recharge of imported 
water. As described above, however, this result does not apportion the impact among the States. 
Conceptually, the condition with no pumping and no imported water represents what the stream 
flows would have been if none of this activity had occurred. In that sense, it represents a "virgin 

water supply" condition with respect to the modeled elements of the groundwater model and 
their impact on Republican River stream flows. 

This measure does provide a metric for comparing the accounting method agreed to in the 
settlement with Nebraska's alternative accounting proposal. It is a relatively straightforward 
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process to add up the impacts using the accounting method agreed to in the settlement or to add 
up the impacts from Nebraska's alternative accounting proposal and compare those totals to the 
virgin water supply metric described above. If the Nebraska alternative accounting proposal 
provides a better approximation of this metric, it is worthy of further consideration. 

Our calculations, as summarized in the table below, show that the accounting agreed to in the 
settlement provides a better approximation of the virgin water supply metric than the Nebraska 
proposed accounting method. The table shows that the accounting agreed to in the settlement 
results in both positive and negative annual differences from the virgin water supply metric. The 
resultant average for the years 1990 - 2000, the last ten years of the calibration of the model is -
150 acre-feet. For the last six years, 2001-2006, the average difference is 2,053 acre-feet. The 
Nebraska alternative accounting proposal departs significantly further from the virgin water 
supply metric than the accounting method agreed to in the settlement, has a negative bias, and for 
the period studied is increasing. 

It remains our view, based on our understanding of the agreement of the States at the time of the 
settlement and these results, that the current accounting methods are appropriate. 

Table: Comparison of total impacts under adopted procedures and as proposed by 
Nebraska versus the virgin water supply metric. 

Year Virgin Compact Nebraska Difference Difference 
Water Method Proposed [Compact [Nebraska 
Supply Total Alternative Method Proposal-
Metric - Metric] Metric] 

1990 180542 176749 170646 -3793 -9896 

1991 200582 200424 191432 -158 -9150 

1992 206037 204478 195938 -1559 -10099 

1993 213153 210926 212593 -2227 -560 

1994 188954 194203 186345 5249 -2609 

1995 219075 220673 213807 1598 -5268 

1996 229586 228517 228167 -1069 -1419 

1997 208878 212730 202992 3852 -5886 

1998 210089 208778 200587 -1311 -9502 

1999 230055 231109 222053 1054 -8002 
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2000 203222 199934 192856 -3288 -10366 

2001 236771 230905 221333 -5866 -15438 

2002 196546 195685 183123 -861 -13423 

2003 221307 228528 210485 7221 -10822 

2004 231704 237594 219651 5890 -12053 

2005 237802 240969 224287 3167 -13515 

2006 219356 222122 204589 2766 -14767 

Averages: 

1990- 208198 208047 201583 -150 -6614 
2000 

1990- 213745 214372 204758 627 -8987 
2006 

2001- 223914 225967 210578 2053 -13336 
2006 
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Schneider. Jim 

From: 
Sent: 
To: 

Schneider, Jim 
Tuesday, November 15, 20111:08 PM 
Schne:der, Jim 

Subject: FW: Nebraska proposal --Privileged and Confidential Attorney-Client Communication 
Regarding the Republican River 

James C. Schneider, Ph .D. 
Deputy Director 

Nebraska Department of Natural Resources 

301 Centennial Mall South 
Fourth Floor, State Office Building 
P.O. Box 94676 
Lincoln, NE 68509-4676 

Office: 402-471-3141 
Fax: 402-471-2900 
Cell: 402-450-2744 
E- Mail: jim.schneider@ ncbraska.gov 
Web: www.dnr.ne. gov 

-----Original Message-----

From : Barfield, Dave frna il to:OBARFIELD@KDA.STATE.KS.US) 
Sent: Tuesday, September 18, 20078:14 PM 

To: Schneider, Jim; Sullivan, Megan; Williams, Jim; Koester, Paul; gndwater@aol. com; mmacps@aol.com ; 
Wi!lem.Schreuder@prinmath.com 

Cc: Justin Lavene; Theis, Ron; Steve Larson; Perkins, Sam; Dale Book; Willem.Schreuder@prinmath.com; Knox, Ken; Ann 
Bleed 

Subject: RE : Nebraska proposal --Privil eged and Confidential Attorney-Client Communication Regarding the Republican 
River 

Jim, 

The "virgin water supply metric" is the difference two runs: 1) a new run which simultaneously turns off CO pumping, KS 

pumping, NE pumping, and the mound imports minus 2) the Base run done as per the RRCA ac<.:Uunting procedures. It 
thus determines the net impact of all these effects of man in one impact run. 

The "Compact method total" sums the CO pumping impacts, KS pumping impacts, NE pumping impacts and Mound 
credits as done according to the current accounting procedures. 

The "NE proposed alternative" sums these same 4 impacts according to NE's proposed method. 

Let me know if this is still uncl ear. 

Thanks. 
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David 

-----Original Message-----

From: Schneider, Jim [mailto :jschneider@dnr.ne.govl 

Sent: Tuesday, September 18, 20074:08 PM 
To : Bariield, Dave; Sullivan, Megan; Williams, Jim; Paul Koester; gndwater(waoLcorn; mmacpslwaol.com; 
Willem.Schreuder@prinmath .com 

Cc : Justin Lavene; Theis, Ron 

Subject: RE : Nebraska proposa l--Privileged and Confidential Attorney-Client Communication Regarding the Republican 
River 

Dave. 

Thank you for providing us w ith your comments One th ing that would really help would be som e information on 
exactly what model runs where periormed to get those numbers for the "Virgin Water Supply Metric". We understand 
the rest but it is not clear exactly what runs you are using for that. Thanks. 

Jim 

-----Original Message----

From: Williams, Jim 

Sent : Tuesday, September 18, 2007 11:31 AM 

To: Jim Schneider; Palll Koester; Mike McDonald (gndwater@aol.com); Chuck Spaulding (mmacps@aol. com ) 
Cc : Justin Lavene; Theis, Ron 

Subject: Nebraska proposal--Privileged and Confidential Attorney-Client Communication Regarding the Republican River 

Privileged and Confidential Attorney-Client Communication Regarding the Republican River 

Jim, Paul : Please review and let's discuss between now and Thu rsday. 

--Jim 

James R. Williams, P.E., CFM 
Republican River Coordinator 

Direct: (402) 471-1026 
Main : (402) 471-2363, Fax : (402) 471-2900 

E-Mail: jwilliams(wdnr.ne.gov 

301 Centennial Mall South 
P_O. Box 94676, Lincoln, Nebraska 68509-4676 www.dnr.ne.govThe information contained in this electronic mail 

transmission (including any accompanying attachments) is intended solely for its authorized recipi nt(s), and may be 
confidential and or legally privileged. If you are not an intended recipient, or responsible for delivering some or all of this 
transmission to an intended recipient, you have received this transmission in error and are hereby notified that you are 

strictly prohibited from reading, copying, printing, distributing or disclosing any of the information contained in it. In that 

event, please contact the Nebraska Department of Natural Resources immediately by telephone 
(402) 471-2363 or by electronic mail at jWiliiams@dnr.ne.gov and delete the original and all copies of this transmission 

(including any 
attachments) without reading or saving in any manner. 

----Original Message-----
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From: Barfield, Dave [mailto:DBARFIELD@KDA.STATE.KS.USl 
Sent: Tuesday, September 18, 2007 10:02 AM 
To: Williams, Jim; Sullivan, Megan; Willem Schreuder 
Cc: Ann Bleed; Knox, Ken; Steve larson; Austin, George; Dale Book; Perkins, Sam; Billinger, Mark; Ross, Scott 
Subject: RE: Nebraska proposal 

Jim and others, 

Attached is a document that provides Kansas comments from its initial review of Nebraska proposal for our discussion 
on Thursday. 

See you then. 

David Barfield 
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APPENDIX C - Further discussion of two Target Set scale analogy 

This Appendix continues the discussion of the two Target Set analogy. The 
specific equations for a two Target Set situation are developed and applied. The analogy 
is developed by considering a scale capacity of300 pounds and two people with a 
Potential Impact (weight) of 250 pounds. Using the CutTent Accounting Procedures, the 
Apparent Impact is 50 pounds for each person. The Apparent Impacts add up to 100 
pounds, leaving 200 pounds as the Unaccounted Impacts. With only 50 pounds assigned 
as a portion of the Total Impact, each person has enough remaining Potential Impact (200 
pounds) to cause all of the Unaccounted Impacts. This is a general quality of a two Target 
Set situation; if there are any Unaccounted Impacts, the difference between each person's 
Apparent Impact and Potential Impact will always be equal to the Unaccounted Impacts. 
This leads to the conclusion that any Unaccounted Impact in a two Target Set situation 
should be equally divided between the two people in proportion to the remaining ability 
of each person to cause additional impact. In other words the appropriate assignment of 
Unaccounted Impacts is equal to the Potential Impact minus the Apparent Impact, 
divided by two. The 200 pounds of Unaccounted Impact is equally divided between the 
two people so that each is assigned 150 pounds out of the total of 300 pounds. This 
relationship can be summarized in this equation: 

Assigned Impact = Apparent Impact + (Potential Impact - Apparent Impact)/2 

For a situation with impact from two Target Sets this general relationship cotTesponds to 
the following mathematical equations: 

Assigned Impact of Person A = (AB-B) + [(A-e) - (AB-B)]/2 

Assigned Impact of Person B = (AB-A) + [(B-e) - (AB-A)]/2 

Where: 

AB = the reading with both persons on the scale 

A = the reading with only Person A on the scale 

B = the reading with only Person B on the scale 

e = the reading with no one on the scale (the unirnpacted reading) 

(AB-B) and (AB-A) = the Apparent Impact for Person A and B, 
respectively 

(A-e) and (B-e) = the Potential Impact for Person A and B, respectively 

The computations using these equations would then look like: 
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AB = 300 pounds 

A = 250 pounds 

B = 250 pounds 

8 = zero pounds 

Assigned Impact of Person A = (300-250) + [(250-0)-(300-250)]/2 

= 50 + [250-50]/2 

= 50 + 100 = 150 pounds 

Assigned Impact of Person B = (300-250) + [(250-0)-(300-250)]/2 

= 50 + [250-50]/2 

= 50 + 100 = 150 pounds 

These equations reduce to the following fOlTIlS: 

Assigned Impact of Person A = [(AB-B) + (A-8)]/2 

Assigned Impact of Person B = [(AB-A) + (B-8)]/2 

In this example, the Appropriate Assignment of the Unaccounted Impacts can 
probably be deduced without these equations. However, the equations are very useful in 
situations where the answer is less obvious. For example, what if the two persons weigh 
170 pounds and 220 pounds? Using these equations we can determine that they should be 
assigned 125 pounds and 175 pounds of the impact to the scale, respectively. Note that if 
the combined weight of the two persons is less than 300 pounds, the equations simply 
yield the persons Potential Impact (weight). In other words, this procedure, which is 
Nebraska's Proposed Procedure for two Target Sets, yields the same result as the Current 
Accounting Procedures when there are no Unaccounted Impacts. Table 6 shows 
combinations of the two persons' Potential Impact, Apparent Impacts, the Unaccounted 
Impacts, and the appropriate assignment of the impact for each of those weights using the 
equations presented above. 
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Table 6. Apparent Impact, Unaccounted Impact, and Assigned Impact for two people 
with different combinations of Potential Impact (weight). 

PersonA Person B PersonA PersonB Unaccounted PersonA PersonB 
Potential Potential Apparent Apparent Impact impact impact 
Impact Impact Impact Impact 

130 160 130 160 0 130 160 
170 220 80 130 90 125 175 
100 400 0 200 100 50 250 
300 500 0 0 300 150 150 
150 200 100 150 50 125 175 
150 400 0 150 150 75 225 
10 500 0 290 10 5 295 
50 280 20 250 30 35 265 

One question that could arise from these relationships is, why a person weighing 
very little (e.g., 20 pounds) is assigned any impact, even when the other person weighs 
much more (e.g., 480 pounds) than the scale capacity (e.g., 300 pounds)?25 In this 
example Person A, weighing 20 pounds, would have an Apparent Impact of 0 pounds, 
and Person B, weighing 480 pounds, would have an Apparent Impact of280 pounds, 
leaving Unaccounted Impacts of 10 pounds (table 7). Is it reasonable to assign Person 1 
with any of the Unaccounted Impacts, given that Person B could cause all of the impact 
on their own (i.e., Potential Impact of Person B is equal to or greater than the Total 
Impact)? The problem with this argument is that it relies on an arbitrary ordering of the 
causes of the impacts. Person A is assumed to be in place on the scale before Person B 
steps on. One of the fundamental considerations for any method of assigning the 
impacts is that it should not be arbitrary. Given the Apparent Impact values for each 
person, they are both equally capable of causing all of the Unaccounted Impacts (i.e., 
Person A has an Apparent Impact of zero pounds and a Potential Impact of 20 pounds; 
this difference is equal to the Unaccounted Impacts). Therefore, the appropriate impact 

25 While this issue may seem more significant by taking it to much further extremes (e.g., 1 pound versus 1 million 
pounds), this is extremely hypothetical and not relevant to the ultimate issue, the RRCA Accounting Procedures, 
where difference of two orders of magnitude (e.g., 10 versus 1,000) are generally the extreme. There do exist some 
situations where one or more Target Sets has an impact to the stream baseflow of thousands or tens of thousands of 
acre-feet, and one other Target Set appears to have an impact to stream baseflow of one or a couple of acre-feet. 
These occurrences of very small impacts are most likely due to minor rounding issues between model runs and 
should not be considered in this discussion. Official RRCA accounting generally rounds values to the nearest ten 
acre-feet. 
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assignment for each person should be 10 pounds greater than each Person's Apparent 
Impact. 

Table 7. Comparison of results for a range of scale capacities with two people weighing 
20 pounds and 480 pounds. 

Scale Person A Person B Unaccounted Person A PersonB 
Capacity Apparent Apparent Impact Assigned Assigned 

Impact Impact Impact Impact 
300 0 280 20 10 290 
400 0 380 20 10 390 
480 0 460 20 10 470 
490 10 470 10 15 475 
500 20 480 0 20 480 

Consider again what would happen if the scale capacity was to increase to 400 
pounds (table 7). The Total Impact would increase from 300 to 400 pounds, however, the 
only change under the Cuo-ent Accounting Procedures would be an increase in the 
Apparent Impact of Person B. The Unaccounted Impact is the same, whether the scale 
capacity is 300 pounds or 400 pounds. Therefore, the appropriate assignment of impact to 
Person A would remain the same (10 pOlmds); for Person B it would change to 390 
pounds. In other words, all of the increase in the appropriate assignment of impact would 
be assigned to Person B under the Cuo-ent Accounting Procedures. 

Now increase the scale capacity to 490 pounds. The Total Impact to the scale 
increases to 490 pounds, and the Unaccounted Impact is now only 10 pounds. Using the 
Assigned Impact equation, the appropriate assignment of impacts would change to 15 
pounds for Person A and 475 pounds for Person B. Notice this is the first time the 
Unaccounted Impacts are less than either Persons Potential Impacts (i.e., neither person 
could cause the Total Impact alone). So it is clear that when the sum of the Potential 
Impacts exceed the scale capacity by an amount greater than or equal to the smaller of the 
two Potential Impacts, this smaller value will be the amount of Unaccounted Impacts (20 
pounds in this example). This Unaccounted Impact is split, because we cannot know 
which of the two people caused it, and either person is equally capable of causing it (i.e., 
both people can cause an impact of 20 pounds by themselves). 
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APPENDIX D. Mound Recharge and Nebraska Groundwater Pumping 

The behavior of the Current Accounting Procedmes when Nebraska groundwater 
pumping and mound rechaTge are the only Target Sets that impact Virgin Stream 
Baseflow can only be denim ental to Nebraska (i.e., it can never benefit Nebraska). When 
the impact of groundwater pumping in Nebraska is overestimated, this results in a 
deniment to Nebraska. When the impact of mound recharge is underestimated, Nebraska 
is deprived of water that it is entitled to under the FSS. This is much different than the 
effect of the Cunent Accounting Procedmes in their application to the scale. This 
situation in the Swanson-Harlan reach underscores the impOltance ofthis issue to 
Nebraska. 

This problem could be fixed in two arbitrary manners, or through a system of 
averaging. For example, we could attribute the entire misestimation to the impact of 
groundwater pumping in Nebraska, reducing this value accordingly and not changing the 
impact of mound recharge. We could also take the opposite approach, changing the 
impact of mound recharge and not changing the impact of groundwater pumping. The 
system of averaging inn'oduced above would essentially split the difference between 
these two extremes. It actually tums out that the manner in which we modify the Cunent 
Accounting Procedmes to appropriately account for the Total Impact of these two Target 
Sets in the Swanson-Harlan reach is largely immatelial, because of the way in which 
these results percolate through Cunent Accounting Procedmes26

• In fact, there is no 
practical reason for differentiating these two telIDS as separate Target Sets.-

This is basically due to the fact that the impacts of groundwater pumping and 
mound recharge are both Nebraska telms in the accounting. The annual Compact 
accounting balances developed for Colorado and Kansas simply compare the annual 
volume of water that each state receives to the annual uses (termed Computed Beneficial 
Consumptive Use, or CBCU). For Nebraska the annual volume of water that it receives is 
compared to the CBCU adjusted for any impact of the mound recharge (term the 
Imported Water Supply Credit, or IWS Credit). Adjusting either the CBCU or the IWS 
Credit effects not only the balance of CBCU - IWS Credit, but also the VWS and 
ultimately the volume of water each state receives. This results from the way in which the 
VWS is computed, which is essentially the gaged sn'eam flows plus all CBCU minus any 
IWS Credit. So a smaller value for CBCU results in a smaller VWS, and a larger value 
for IWS results in a smaller VWS. If the magnitude of either is the same, the effect is 
exactly the same. So the VWS is reduced by the same amount as the CBCUI\VS Credit 
is reduced, however the volume of water Nebraska receives, when computed is reduced 

26 This again ignores minor effects of pumping in Kansas and Colorado, and the minor changes this would make in 
this result. 
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by a lesser amount (because the Allocation is always less than the VWS in evety sub
basin and the Main Stem. The following simple example illustrates these relationships. 

Current Accounting Procedures: 

Sum of Apparent Impacts of Nebraska groundwater pumping and mound recharge 
= 1,100 acre-feet 

Gaged streamflow = 1,100 acre-feet 

VWS = 2,200 acre-feet 

Nebraska's water supply = VWS * Allocation = 2,200 * 48.9% = 1,076 acre-feet 

Nebraska's water supply - (CBCU - IWS Credit) = 1,076 - 1,100 = -24 acre-feet 

Corrected Accounting: 

Total Impacts = 1,000 acre-feet 

Gaged streamflow = 1,100 acre-feet 

VWS = 2,100 acre-feet 

Nebraska's water supply = 2,100 * 48.9% = 1,027 acre-feet 

Nebraska's water supply - (CBCU - IWS Credit) = 1,027 - 1,000 = 27 acre-feet 

The overestimate of Total Impacts by the CUtTent Accounting Procedures is 100 
acre-feet in this example. This results in harm to Nebraska of approximately 51 acre feet. 
Generally speaking, Nebraska is harmed by approximately 51 % of the misestimate of the 
Total Impacts in this reach. This results from the fact that Nebraska receives an 
Allocation of approximately 49% in the Main Stem. The volume of water Nebraska 
receives is reduced by 49% of the difference between the results of the Current 
Accounting Procedures and the Total Impacts, and the CBCU - IWS Credit is reduced by 
100% of this difference, for a net effect of 51 %. This is evident in the example above. 
The difference in the impacts is 100 acre-feet, the volume of water Nebraska receives is 
changed by 49 acre-feet, thus the balance increases by 51 acre-feet. 

The exact effect in any given year does depend on the magnitude of any impacts 
from Kansas or Colorado pumping. To resolve any effect of these impacts Nebraska's 
Proposed Procedures are required, however the difference between those results and the 
results demonstrated in this Appendix are very minor. 
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APPENDIX E. Changes to RHCA Accounting Procedures and Reporting 
Requirements to implement Nebraska's Proposed Procedures 

In order to implement Nebraska's Proposed Procedmes, Section III.A.3 and 
Section IILD.l of the RRCA Accounting Procedmes and Reporting Requirements would 
need to be revised. The specific revisions were included as Exhibit A to the Answer and 
Amended Counterclaims and Cross-claim of the State of Nebraska. This exhibit is 
reproduced as Exhibit A to this Appendix. 
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III.A.3. Imported Water Supply Credit 
Calculation: 

The amount of Imported Water Supply Credit shall 
be determined by the RRCA Groundwater Model. 
The Imported Water Supply Credit of a State shall 
not be included in the Virgin Water Supply and 
shall be counted as a credit/offset against the 
Computed Beneficial Consumptive Use of water 
allocated to that State. Currently, the Imported 
Water Supply Credits shall be determined using 
sixteentwe mns of the RRCA Groundwater Model.:. 
These mns are named using a combination of 
variables representing Colorado groundwater 
pumping and pumping recharge (C)' Kansas 
groundwater pumping and pumping recharge (K), 

the surface water recharge associated with 
Nebraska's Imported Water Supply, or "mound" 
eM), and Nebraska groundwater pumping and 
pumping recharge (N), with the presence of the 
variable indicating that the stress is "on" and the 
absence of the variable indicating that the stress is 
"off". These will be the same runs used to 
determine groundwater Computed Beneficial 
Consumptive Uses, as described in Section III.D.l. 

CKMNThe "base" mn shall be the "base" mn with 
all groundwater pumping, groundwater pumping 
recharge, and surface water recharge within the 
model study boundary for the current accounting 
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year tumed "on." This will be the same "base" mn 
used to determine groundwater Computed 
Benefioial Consumptive Uses. 

CKNThe "no pm import" nm shall be the run with 
the same model inputs as the base run with the 
exception that surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off." 

KMN shall be the nm with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado shall be turned "off" 

CMN shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas shall be turned "off" 

CKM shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Nebraska shall be turned "off" 

CK shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Nebraska and surface water recharge associated 
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with Nebraska's Imported Water Supply shall be 
turned "off. " 

CM shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Nebraska and Kansas shall be turned "off." 

CN shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and surface water recharge associated with 
Nebraska's Imported Water Supply shall be turned 
"off." 

KM shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge III 

Nebraska and Colorado shall be turned "off." 

KN shall be the run with the same model inputs as 
the base run with the exception that all 
grOlmdwater pumping and pumping recharge in 
Colorado and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off." 

MN shall be the nm with the same model inputs as 
the base nm with the exception that all 
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groundwater pumping and pumping recharge ill 

Colorado and Kansas shall be turned "off." 

C shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off. " 

K shall be the run with the same model inputs as 
the base nm with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 

M shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas, and Nebraska shall be turned 
"off." 

N shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Kansas and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 
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e ("theta") shall be the run with the same model 
inputs as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas and Nebraska and surface water 
recharge associated with Nebraska's Imported 
Water Supply shall be tumed "off." 

The Imported Water Supply Credit shall be based 
on the difference in stream flows between tfles.e. 
eight pairstwe of model runs where the only 
difference between the two runs is that the surface 
water recharge associated with Nebraska's 
Imported Water is "on" in one run and "off' in the 
other (e.g., CKMN vs. CKN). The formula to be 
used is: 

Imported Water Supply Credit = [eM-e) + aCM
C) + (KM-K) + (MN-N))/3 + 

((CKM-CK) + (CMN-CN) + (KMN-KN))/3 
+ (CKMN-CKN)]/4 

Differences in stream flows shall be determined at 
the same locations as identified in Subsection 
III.D.lfor the "no pumping" runs. Should another 
State import water into the Basin in the future, the 
RRCA will develop a similar procedure to 
determine Imported Water Supply Credits. 
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III.D.l. Groundwater 

Computed Beneficial Consumptive Use of 
groundwater shall be determined by use of the 
RRCA Groundwater Model. The Computed 
Beneficial Consumptive Use of groundwater for 
each State shall be determined as the difference in 
streamfIows using sixteenPn<e runs of the model. 
These runs are named using a combination of 
variables representing Colorado groundwater 
pumping and pumping recharge (C), Kansas 
groundwater pumping and pumping recharge (K), 
the surface water recharge associated with 
Nebraska's Imported Water Supply, or "mound" 
eM), and Nebraska groundwater pumping and 
pumping recharge (Nt with the presence of the 
variable indicating that the stress is "on" and the 
absence of the variable indicating that the stress is 
"off', 

CKMNThe "base" run shall be the "base" run with 
all groundwater pumping, groundwater pumping 
recharge, and surface water recharge within the 
model study boundary for the current accounting 
year "on", 

CKMThe "no 8tate pamping" run shall be the run 
with the same model inputs as the base run with 
the exception that all groundwater pumping and 
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pumping recharge in N ebraskaof that State shall be 
turned "off." 

CKN shall be the run with the same model inputs 
as the base run with the exception that surface 
water recharge associated with Nebraska's 
Imported Water Supply shall be turned "off." 

CMN shall be the nlll with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas shall be turned "off." 

KMN shall be the nlll with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge III 

Colorado shall be turned "off. " 

CK shall be the run with the same model inputs as 
the base nlll with the exception that all 
groundwater pumping and pumping recharge in 
Nebraska and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off. " 

CM shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge 111 

Nebraska and Kansas shall be turned "off." 
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CN shall be the lUn with the same model inputs as 
the base lUll with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and surface water recharge associated with 
Nebraska's Imported Water Supply shall be turned 
"off." 

KM shall be the run with the same model inputs as 
the base fim with the exception that all 
groundwater pumping and pumping recharge III 

Nebraska and Colorado shall be turned "off." 

KN shall be the run with the same model inputs as 
the base fim with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off." 

MN shall be the lUn with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Kansas shall be turned "off." 

C shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 
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K shall be the run with the same model inputs as 
the base nm with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off. " 

M shall be the run with the same model inputs as 
the base nm with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas, and Nebraska shall be huned 
"off." 

N shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Kansas and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 

8 ("theta") shall be the lUn with the same model 
inputs as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas and Nebraska and surface water 
recharge associated with Nebraska's Imported 
Water Supply shall be turned "off." 

An output of the model is baseflows at selected 
stream cells. Changes in the baseflows predicted 
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by the model between eight pairs of model mns 
where the only difference between the two mns is 
that the groundwater pumping and pumping 
recharge in a state is "on" in one run and "off" in 
the other mn (e.g., CKMN vs. CKM) will"base" 
fUn and the "no State pumping" model nm is 
assumed to be used to determine the depletions to 
streamflows. i.e., groundwater computed beneficial 
consumptive use, due to State groundwater 
pumping at that location. The formulas to be used 
are: 

Colorado groundwater computed beneficial 
consumptive use = 
fee-C) + ((K-CK) + eM-CM) + (N-CN))/3 + 
«KM-CKM) + CKN-CKN) + CMN-CMN))/3 
+ (KMN-CKMN)l/4 

Kansas groundwater computed beneficial 
consumptive use = 

[(e-K) + «C-CK) + (M-KM) + (N-KN))/3 + 
«CM-CKM) + (CN-CKN) + (MN-KMN))/3 
+ (CMN-CKMN)]/4 

Nebraska groundwater computed beneficial 
consumptive use = 
[(e-N) + «C-CN) + (M-MN) + (K-KN))/3 + 
«CM-CMN) + (CK-CKN) + (KM-KMN))/3 
+ (CKM-CKMN)]/4 
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The values for each Sub-basin will include all 
depletions and accretions upstream of the 
confluence with the Main Stem. The values for the 
Main Stem will include all depletions and 
accretions in stream reaches not otherwise 
accounted for in a Sub-basin. The values for the 
Main Stem will be computed separately for the 
reach above Guide Rock, and the reach below 
Guide Rock. 
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APPENDIX F. Development of Nebraska's Proposed Procedures 

Nebraska's Proposed Procedures essentially begin with the Apparent Impact 
calculation from the Cunent Accounting Procedures and assign any Unaccounted 
Impacts to the Target Sets in a manner related to their ability to cause those Unaccounted 
Impacts. The Unaccounted Impacts are the difference between the Total Impacts and the 
sum of Apparent Impacts: 

Unaccounted Impacts = Total Impacts - Sum of Apparent Impacts. 

Under celtain circumstances, the Apparent Impacts produced by the CmTent Accounting 
Procedures sum to a value different than the Total Impacts causing Unaccounted Impacts. 

The Nebraska's Proposed Procedures eliminate Unaccounted Impacts. This is 
accomplished by defining an Assigned Impact which is calculated by adding an 
Appropriate Assignment of Unaccounted Impacts (AAUI) to the Apparent Impact of each 
Target Set so that: 

Assigned Impact = Apparent Impact + AAUI. 

The AAUI values are determined in such a way that the Total Impacts minus the sum of 
Assigned Impacts equal zero, that is, 

Unaccounted Impacts = Total Impacts - Sum of Assigned Impacts = O. 

The AAUI values are only relevant in those cases where Unaccounted Impacts occur. If 
there are no Unaccounted Impacts then all AAUI values will be zero. Describing how the 
AAUI values are determined is the subject of this Appendix. 

To avoid arbitrariness, the assignment of Unaccounted Impacts should be shared 
over all Target Sets. That is, when multiple Target Sets have impact, it should not be the 
case that the AAUI value for only one Target Set is set to a non-zero value with all others 
set to zero. 

To be realistic, the value of AAUI for each Target Set should be related to the 
ability of that Target Set to have caused the Unaccounted Impact. In the Nebraska's 
Proposed Procedures, the remaining ability of the Target Set to cause an impact is 
detennined as the difference between the Potential Impact and Apparent Impact. This 
difference is computed for each Target Set. By subtracting the impact already assigned to 
the Target Set (the Apparent Impact) from the maximum impact that could be caused by 
the Target Set (the Potential Impact) we arrive at an estimate of the maximum 
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Unaccounted Impact that can be attributed to the Target Set. The AAUI is taken to be a 
fraction of this remaining ability. In the case offour Target Sets this fraction is Y4. The 
resulting defmition of AAUI for four Target Sets is: 

AAUI = Y4(Potential Impact - Apparent Impact). 

Note that the AAUI is realistic because its value is proportional to the remaining ability 
of the Target Set to have an impact. The AAUI value is non-arbitrmy because the same 
fraction (114) of the remaining ability is assigned to each Target Set. 

We now tum to deftning the Potential Impact. The case of two Target Sets was the 
subject of the scale analogy as discussed in Section 4.3. In this case, since only two 
Target Sets are relevant, the fraction applied to the difference between Potential Impact 
and Apparent Impact is Y2 rather than Y4. The two Target Set case has two characteristics 
that are not present when three or four Target Sets are present. The ftrst is that the 
difference between the Potential Impact and the Appm'ent Impact takes the same value 
for each Target Set. This, in tum, causes the AAUI for each Target Set to have the same 
value. The second characteristic is that the Potential Impact can be computed as the 
actual weight of the person up to the scale capacity. If the person's weight exceeds the 
scale capacity we say a nonlinearity has been encountered. 

In the Model, nonlinearities occur for more complex reasons than in the scale 
analogy and can have more subtle effects on impact estimates. These nonlinealities have 
been analyzed in detail in plior reports (NDNR et al. 2008 and Ahlfeld et al.. 2009). They 
m'e generally caused by stream-dlying, that is, the reduction, to zero, of modeled stream 
baseflow at a stream cell. The nonlineatities effects on the Virgin Stream Baseflow at an 
accounting point may be caused by stream drying at the accounting point, stream dlying 
upstream of the accounting point and stream dIying along the length of a stream at during 
prior stress periods. 

If only two Target Sets are present, then these Model nonlineatities can still be 
addressed by also examining the impact of one Target Set alone in a matmer analogous to 
the scale example (See Section 4.3 and Appendix C). However, when three or four Target 
Sets are present the complexity of these nonlinearities requires an expanded approach. 
Prior analysis by Nebraska has indicated that an effective way to address these 
nonlinealities is to consider the impact of the Target Set in evelY combination of all other 
Target Sets either On or Off. As deftned in table 4 the four Target Sets are notated C, K, 
and N for Colorado, Kansas, and Nebraska pumping and M for mound recharge. There 
are 16 possible model runs with each stress either On or Off. Using the presence of the 
letter in the run name to indicate that the conesponding stress is On, these are: 

e, C, K, M, N, CK, CM, CN, KM, KN, MN, CKM, CKN, CMN, KMN, CKMN 
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with 9 representing the run with all stresses Off. Each run will produce computed 

baseflow at a given accounting point. For each Target Set of interest, there are eight 

differences that can be evaluated where the Target Set is On in one Model run and Off in 

another Mode1mn, with all other Target Sets being unchanged. The Nebraska's 

Proposed Procedures consider all eight of these mns in aniving at a value for Potential 

Impact27. 

The Potential Impacts for each of the four Target Sets are given by combination of 
these eight differences as follows: 

Potential Impact of groundwater pumping in Colorado = 

xJ(9-C) + x2(K-CK) + x3(M-CM) + J4(N-CN) + X5(KM-CKM) + 

Xti(KN-CKN) + xiMN-CMN) + Xg(KMN-CKMN) 

Potential Impact of groundwater pumping in Kansas = 

xJ(9-K) + x2(C-CK) + x3(M-KM) + J4(N-KN) + x5(CM-CKM) + 

x6(CN-CKN) + x7(MN-KMN) + xg(CMN-CKMN) 

Potential Impact of groundwater pumping in Nebraska = 

xJ(9-N) + x2(C-CN) + x3(M-MN) + J4(K-KN) + x5(CM-CMN) + 

Xti(CK-CKN) + X7(KM-KMN) + Xg(CKM-CKMN) 

Potential Impact of mound recharge = 

xJ(9-M) + x2(C-CM) + x3(K-KM) + J4(N-MN) + xsCCK-CKM) + 

Xti(CN-CMN) + X7(KN-KMN) + Xg(CKN-CKMN) 

27 The mathematical basis for the Nebmska's Proposed Procedures has been discussed in both NDNR et al. (2008) 
and Ahlfeld et al. (2009). In brief, streamflow at an accounting point can be viewed as a continuous function of the 
level of activity at the four Target Sets. The 16 runs used in the proposed Accounting Procedures constitute the 
corner points of the four-dimensional domain space for this function. Taking the difference between two of these 
runs, one with the Target Set present and one without the Target Set gives an estimate of the gmdient of the function 
surface. There are eight possible differences that can be taken, given the 16 available comer point runs. When the 
surface is nonlinear, an interpolation of these eight gmdient estimates provides a better estimate of the gradient than 
the single difference used by the current Accounting Procedures. The interpolation is fonned with eight coefficients 
that need to be determined. They are detennined by enforcing the requirement that the Proposed Impact produce no 
Unaccounted Impact. 
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where Xn represents the coefficient on the nth difference pair. Note that the Cunent 
Accounting Procedures assign a value of one to X8 and zero to all other coefficients. 

Combining the Potential Impacts with the Apparent Impacts in the following 
equation: 

Assigned Impact = Apparent Impact + (Potential Impact - Apparent Impact)/4 

The Assigned Impact for each Target Set becomes: 

Assigned Impact of groundwater pumping in Colorado = (KMN - CKMN) + 

{[xl(9-C) + x2(K-CK) + x3(M-CM) + ~(N-CN) + x5(KM-CKM) + 

x6(KN-CKN) + x7(MN-CMN) + x8(KMN-CKMN)]- (KMN-CKMN) }/4 

Assigned Impact of groundwater pumping in Kansas = (KMN - CKMN) + 

([xl(9-K) + x2(C-CK) + x3(M-KM) + ~(N-KN) + x5(CM-CKM) + 

~(CN-CKN) + x7(MN-KMN) + x8(CMN-CKMN)]- (KMN-CKMN)}/4 

Assigned Impact of groundwater pumping in Nebraska = (CKM - CKMN) + 

([xl(9-N) + x2(C-CN) + xJCM-MN) + ~(K-KN) + x5(CM-CMN) + 

x6(CK-CKN) + x7(KM-KMN) + x8(CKM-CKMN)] - (CKM-CKMN)}/4 

Assigned Impact of mound recharge28 
= (CKN - CKMN) + 

([xl(9-M) + x2(C-CM) + x3(K-KM) + ~(N-MN) + x5(CK-CKM) + 

x6(CN-CMN) + X7(KN-KMN) + xs(CKN-CKMN)] - (CKN-CKMN)}/4 

28 For convenience of presentation in this Appendix, the differences in the equation for Mound recharge are arranged 
the same as the other Target Sets, which produces a negative result. For example, (8-M) would be expected to 
produce a negative result because a run with Mound recharge present (M) will have more baseflow than a nm 
without Mound recharge (8). The convention in Compact Accounting is to compute the IWS Credit in a manner that 
produces a positive value, then subtract it in the accounting to generate a "credit." Insteadwe calculate a negative 
value and add it into the Accounting balances. The effect is the same. 
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Note that the same coefficients have been applied to similar terms in each 
equation. For example, (B-C) and (B-K) have the same coefficient. The intent of this 
assignment of coefficients is to avoid arbitrariness. As will be seen, all coefficients 
except Xl and Xg will take the same value so that the ordering of Target Sets is not 
imp Oltallt. 

Detelmination of the eight unknown coefficients proceeds by imposing the 
requirement that the Unaccounted Impacts take the value of zero. That is, 

Total Impacts = Sum of Assigned Impacts. 

(B-CKMN)= 

(KMN - CKMN) + 

([xl(B-C) + x2(K-CK) + x3(M-CM) + XJ(N-CN) + xs(KM-CKM) + 

x6(KN-CKN) + x7(MN-CMN) + xs(KMN-CKMN)]- (KMN-CKJ\1N) }/4 

+ (KMN - CKMN) + 

{[xl(B-K) + x2(C-CK) + x3(M-KM) + XJ(N-KN) + xs(CM-CKM) + 

x6(CN-CKN) + x7(MN-KMN) + xs(CMN-CKMN)] - (KMN-CKMN)}/4 

+ (CKM - CKMN) + 

([xl(B-N) + x2(C-CN) + x3(M-MN) + XJ(K-KN) + x5(CM-CMN) + 

x6(CK-CKN) + x7(KM-KMN) + Xg(CKM-CKMN)] - (CKM-CKMN)}/4 

+ (CKN - CKMN) + 

([x\(B-M) + x2(C-CM) + x3(K-KM) + XJ(N-MN) + xs(CK-CKM) + 

x6(CN-CMN) + X7(KN-KMN) + xg(CKN-CKMN)] - (CKN-CKMN)}/4 

The conect value for each coefficient (xn) can be determined by direct 
examination of this equation. The run B occurs four times on the right side of the 
equation, each time divided by four, and only once on the left side of the equation. It 
follows that Xl must equal 1 for the occunences of B to equate. The run CKMN occurs 
once on the left side of the equation, and eight times on the right side. To make these 
occunences balance Xs must equal-2. Given the values assigned to these two coefficients, 
the runs C, K, M, and N occur once with a negative sign and three times with a positive 
sign on the right side of the equation. They do not occur on the left side. The negative 
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term already has a coefficient of 1, so each positive term must have a coefficient of 1/3 so 
that they cancel. This results in X2, X3, and ~ equaling 1/3, Each run with two stresses on 
and two stresses off occur twice as a positive (after xs, Xt;, or X7) and twice as a negative 
(after X2, X3, or ~), requiring that these two sets of coefficients must be equal. In 
summmy, 

These coefficients also ensure that the occurrences of CKM, CKN, KMN, and CMN 
cancel each other. Substituting these coefficients into the equations for the Assigned 
Impact of each Target Set yields: 

Assigned Impact of groundwater pumping in Colorado = (KMN - CKMN) + 

([(9-C) + 1/3(K-CK) + 1/3(M-CM) + 1/3(N-CN) + 1/3(KM-CKM) + 

1/3(KN-CKN) + 1/3(MN-CMN) - 2(KMN-CKMN)]- (KMN-CKMN)}/4 

Assigned Impact of groundwater pumping in Kansas = (CMN - CKMN) + 

{[(9-K) + 1/3(C-CK) + 1/3(M-KM) + 1/3(N-KN) + 1/3(CM-CKM) + 

1/3(CN-CKN) + 1/3(MN-KMN) - 2(CMN-CKMN)]- (CMN-CKMN)}/4 

Assigned Impact of groundwater pumping in Nebraska = (CKM - CKMN) + 

{[(9-N) + 1/3(C-CN) + 1/3(M-MN) + 1/3(K-KN) + 1/3(CM-CMN) + 

1/3(CK-CKN) + 1/3(KM-KMN) - 2(CKM-CKMN)] - (CKM-CKMN)}/4 

Assigned Impact of mound recharge = (CKN - CKMN) + 

([(9-M) + 1/3(C-CM) + 1/3(K-KM) + 1/3 (N-MN) + 1/3(CK-CKM) + 

1/3(CN-CMN) + 1/3(KN-KMN) - 2(CKN-CKMN)] - (CKN-CKMN) }/4 

The values for the Potential Impact of each Target Set are then: 

Potential Impact of groundwater pumping in Colorado = {(9-C) + [(K-CK) + (M
CM) + (N-CN)]/3 + [(KM - CKM) + (KN - CKN) + (MN - CMN)]/3 -
2(KMN-CKMN)} 

Potential Impact of groundwater pumping in Kansas = {(9-K) + [(C-CK) + (M
KM) + (N-KN)]/3 + [(CM - CKM) + (CN - CKN) + (MN - KMN)]/3 -
2(CMN-CKMN) } 
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Potential Impact of groundwater pumping in Nebraska = {(G-N) + [(C-CN) + (K
KN) + (M-MN)]!3 + [(CK - CKN) + (KM - KMN) + (CM - CMN)]!3 -
2(CKM -CKMN)} 

Potential Impact of mound recharge = {(G-M) + [(C-CM) + (K-KM) + (N-MN)]I3 
+ [( CK - CKM) + (CN - CMN) + (KN - KMN)]I3 - 2(CKN-CKMN)} 

Notice that the first telID in each equation is the same as the definition of the 
Potential Impact for the situation with Two Target sets. The remaining seven telIDS are 
neceSSaIY for a better estimate of Potential Impacts when four Target Sets are present. 
Note that the first six of the seven telIDS have coefficients of 113 while the final term of 
the seven has a coefficient of minus 2. If all of these telIDS have the same value then they 
will tend to cancel with the first terms remaining dominant. Differences in the values of 
the telIDS reflect the nonlinear features of the four-dimensional surface that dermes the 

impact of the four Target Sets. 

Note that when nonlinemities are not present, each of the eight differences, for a 
given Target Set, will produce the same value. When the stream baseflow responds 
linearly, the Potential Impact will equal the Apparent Impact and the Assigned Impact 

will be identical to the impact calculated using the Current Accounting Procedures. 

These equations can be conveniently rearranged to the following forms: 

Assigned Impact of groundwater pumping in Colorado = [(G-C) + «K-CK) + (M

CM) + (N-CN»!3 + «KM-CKM) + (KN-CKN) + (MN-CMN»!3 + (KMN
CKMN)]!4 

Assigned Impact of groundwater pumping in Kansas = [(G-K) + «C-CK) + (M

KM) + (N-KN»!3 + «CM-CKM) + (CN-CKN) + (MN-KMN»!3 + (CMN
CKMN)]!4 

Assigned Impact of groundwater pumping in Nebraska = [(G-N) + «C-CN) + (M

MN) + (K-KN»!3 + «CM-CMN) + (CK-CKN) + (KM-KMN»)/3 + (CKM
CKMN)]!4 

Assigned Impact of the IWS = [(G-M) + «C-CM) + (K-KM) + (N-MN»)/3 + «CK
CKM) + (CN-CMN) + (KN-KMN»)/3 + (CKN-CKMN)]I4 

83 

Exhibit A 

115 of M~0500115 

C-07



The Assigned Impact equations are derived for the most general case of four 
Target Sets, however, they easily cover the cases when three, two or only one Target Set 
have significant impact on an accounting point. For example, consider a case in which 
Kansas and Nebraska pumping are the only Target Sets that cause significant change in 
baseflow at an accounting point. For this case, the following observations can be made: 

1) C = M = CM = e (turning on Colorado pumping and/or Mound recharge 
produces no change from the all-off condition) 

2) CK =KM = CKM =K (adding Colorado pumping andlor Mound recharge does 
not change the impact of Kansas pumping) 

3) CN =MN = CMN = N (adding Colorado pumping and/or Mound recharge does 
not change the impact of Nebraska pumping) 

4) KMN = CKN = CKMN = KN (adding Colorado pumping andlor Mound 
recharge does not change the combined impact of Kansas pumping and 
Nebraska pumping) 

Substituting these 4 statements into the Assigned Impact equations produces the 
following results: 

Assigned Impact of groundwater pumping in Colorado = 0 

Assigned Impact of groundwater pumping in Kansas = [(e-K) + ((e-K) + (e-K) + 

(N-KN»/3 + ((e-K) + (N-KN) + (N-KN»/3 + (N-KN)]/4 

= [(e-K) + (N-KN)]/2 

Assigned Impact of groundwater pumping in Nebraska = [(e-N) + ((e-N) + (e-N) 
+ (K-KN»/3 + ((e-N) + (K-KN) + (K-KN)/3 + (K-KN)]/4 

= [(e-N) + (K-KN)]/2 

Assigned Impact of the IWS = 0 

As can be seen, with the obselvations, the general four target equation reduces to 
the simpler two Target Set equation discussed in Section 4.3 when only two Target Sets 
are relevant. A similar analysis could be conducted for any combination of two stresses. 
In a similar fashion, if only three Target Sets are relevant to an accounting point, the 
impact of the irrelevant Target Set will be assigned a value of zero in Nebraska's 
Proposed Procedures. 

84 

Exhibit A 

116 oflJ~0500116 

C-07



APPENDIX G. Application of Nebraska's Proposed Procedures 

The following examples demonstrate the behavior of Nebraska's Proposed 
Procedures under a range of conditions. The scale analogy is utilized for these examples. 
First, an example is presented in which there are no Unaccounted Impacts. In this case, 
the results of Nebraska's Proposed Procedures are identical to the Cunent Accounting 
Procedures. Next, the same example from Section 4.3 and Appendix C, with two people 
exceeding the scale capacity, is utilized. Here, Person C and Person D are simply 
represented with zero weight (impact). The results are identical to those obtained in 
Appendix C using the simplified equations for only two Target Sets. Finally, an example 
with four people whose combined Potential Impact is well in excess of the scale capacity. 
Here the Cunent Accouting Procedures account for zero pounds of impact. Nebraska's 
Proposed Procedures assign the UnaccOlmted Impact to each Person according to the 
ability of that person to cause those impacts. The result is that all impacts are accounted 
for. 

Application of Nebraska's Proposed Procedures when there are no Unaccounted 
Impacts 

When the sum of the Potential Impacts for the targets set(s) is equal to less than 
the scale capacity, Nebraska's Proposed Procedures produce the same values for the 
individual impacts Target Setas the Cunent Accounting Procedures. In this case, the 
Potential Impact will be the same as the Apparent Impact, and there are no Unaccounted 
Impacts. While Nebraska's Proposed Procedures are not necessalY in this example, they 
do not change the result, instead simply making a few more computations than might be 
needed. Consider for example applying Nebraska's Proposed Procedures to the following 
situation: 

Person A = 50 pounds 

Person B = 75 pounds 

Person C = 60 pounds 

Person D = 80 pounds 

Capacity = 300 pounds 

The capacity of the scale in the following equations is represented bye, and the 
remaining capacity with some combination of persons on the scale is represented by a 
variable with the number of those persons (e.g., 12 = remaining capacity with person 1 
and 2 on the scale). So the values and computations would look like this: 
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B = o pounds 

A = 50 pounds 

B = 75 pounds 

C = 60 pounds 

D = 80 pounds 

AB = 125 pounds 

AC = 110 pounds 

AD = 130 pounds 

BC = 135 pounds 

BD = 155 pounds 

CD = 140 pounds 

ABC = 185 pounds 

ABD = 205 pounds 

ACD = 190 pounds 

BCD = 215 pounds 

ABCD = 265 pounds 

The equations for the impact of each person would look similar to the equations 
presented in Section 5.2, with the substitution of the variable representing Persons A, B, 
C, and D for the variable representing Colorado pumping (C), Kansas pumping (K), 
Nebraska pumping (N), and mound recharge (M). The only other change is that each of 
the differences in reversed in order to produce a positive result (i.e., instead of B-C, these 
equations would use C-B). Therefore the appropIiate equations representing the proposed 
accounting procedures are: 

Impact of person A = [(A-B) + ((AB-B) + (AC-C) + (AD-D))/3 + ((ABC-BC) + 
(ABD-BD) + (ACD-CD))/3 + (ABCD-BCD)]/4 

Impact of person B = [(B-B) + ((AB-A) + (BC-C) + (BD-D))/3 + ((ABC-AC) + 
(ABD-AD) + (BCD-CD))!3 + (ABCD-ACD)]/4 

Impact of person C = [(C-B) + ((AC-A) + (BC-B) + (CD-D))/3 + ((ABC-AB) + 
(ACD-AD) + (BCD-BD))/3 + (ABCD-ABD)]/4 
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Impact of person D = [(D-e) + ((AD-A) + (BD-B) + (CD-C))/3 + ((ABD-AB) + 
(ACD-AC) + (BCD-BC))/3 + (ABCD-ABC)]/4 

Inserting the appropriate values and making all the calculations results in: 

Impact of person A = [(50-0) + ((125-75) + (110-60) + (130-80))/3 + ((185-135) + 
(205-155) + (190-140))/3 + (265-215)]/4 

= [50 + (50 + 50 + 50)/3 + (50 + 50 + 50)/3 +50]/4 = 50 pounds 

Impact of person B = [(75-0) + ((125-50) + (135-60) + (155-80))/3 + ((185-110) + 
(205-130) + (215-140))/3 + (265-190)]/4 

= [75 + (75 + 75 + 75)/3 + (75 + 75 + 75)/3 +75]/4 = 75 pounds 

Impact of person C = [(60-0) + ((110-50) + (135-75) + (140-80))/3 + ((185-125) + 
(190-130) + (215-155))/3 + (265-205)]/4 

= [60 + (60 + 60 + 60)/3 + (60 + 60 + 60)/3 +60]/4 = 60 pounds 

Impact of person D = [(80-0) + ((130-50) + (155-75) + (140-60))/3 + ((205-125) + 
(190-11 0) + (215-135))/3 + (265-185)]/4 

= [80 + (80 + 80 + 80)/3 + (80 + 80 + 80)/3 +80]/4 = 80 pounds 

As we can see, each of the 8 differences in anyone of the impact equations has the 
same value. Multiplying each value by the appropriate weight and summing the results 
simply produces that value. Note that the last difference in each equation (e.g., 123-1234) 
represents the Cunent Accounting Procedures. Therefore, the Cun'ent Accounting 
Procedures would be sufficient in this case. 

Application of Nebraska's Proposed Procedures with Two Target Sets exceeding 
Scale Capacity 

It is not required to have four persons of interest in order to apply the equations for 
four Target Sets. In fact if there is only one person being weighed these equations are still 
appropriate, though certainly not necessary. As previously noted, most sub-basins and 
Main Stern reaches are not impacted significantly by all four Target Sets the Model. 
We can apply the equations to the example from Section 4.3 and Appendix C, where only 
two people are being weighed, by simply accounting for Persons C and D with zero 
impact. The calculations would look like this: 

e = 0 pounds 

A = 250 pounds 

B = 250 pounds 
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C = 0 pounds 

D = 0 pounds 

AB = 300 pounds 

AC = 250 pounds 

AD = 250 pounds 

BC = 250 pounds 

BD = 250 pounds 

CD = 0 pounds 

ABC = 300 pounds 

ABD = 300 pounds 

ACD = 250 pounds 

BCD = 250 pounds 

ABCD = 300 pounds 

Impact of person A = [(A-e) + ((AB-B) + (AC-C) + (AD-D))!3 + ((ABC-BC) + 
(ABD-BD) + (ACD-CD))/3 + (ABCD-BCD)]/4 

Impact of person B = [(B-e) + ((AB-A) + (BC-C) + (BD-D))/3 + ((ABC-AC) + 
(ABD-AD) + (BCD-CD))/3 + (ABCD-ACD)]/4 

Inserting the appropriate values and making all the calculations results in: 

Impact of person A = [(250-0) + ((300-250) + (250-0) + (250-0))/3 + ((300-250) + 
(300-250) + (250-0))/3 + (300-250)]/4 

= [250 + (50 + 250 + 250)!3 + (50 + 50 + 250)/3 +50]/4 

= [250 + 550/3 + 350/3 + 50]/4 = [250 + 900/3 + 50]/4 = [250 + 300 + 
50]/4 

= 600/4 = 150 pounds 

Impact of person B = [(250-0) + ((300-250) + (250-0) + (250-0))/3 + ((300-250) + 
(300-250) + (250-0))/3 + (300-250)]/4 

= [250 + (50 + 250 + 250)/3 + (50 + 50 + 250)/3 +50]/4 
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= [250 + 550/3 + 350/3 + 50]/4 = [250 + 900/3 + 50]/4 = [250 + 300 + 
50]/4 

= 600/4 = 150 pounds 

The result that is obtained from these more general equations (i.e., can 
accommodate four Target Sets as opposed to only two Target Sets) is exactly the same. 
More computations are involved, but these computations are readily automated through 
programing or other computing means. If there may be as many as four Target Sets to 
consider at some times, it would be much more efficient to implement the use of these 
equations in all cases (even when there are not four Target Sets), rather than to switch 
between sets of equations depending on the number of Target Sets. Note that inserting the 
appropriate values into the Impact equations for persons C and D produce values of zero 
impact for each. 

Application of Nebraska's Proposed Procedures with Four Target Sets exceeding 
Scale Capacity 

Now consider a similar example, except these people were each 100 pounds 
heavier (i.e., person 1 = 150 pounds, person 2 = 175 pounds, person 3 = 160 pounds, 
person 4 = 180 pounds). In this case the Cunent Accounting Procedures would produce 
an impact estimate for each person of zero pounds. The computations using Nebraska's 
Proposed Procedures would look like this: 

e = 0 pounds 

A = 150 pounds 

B = 175 pounds 

C = 160 pounds 

D = 180 pounds 

AB = 300 pounds 

AC = 300 pounds 

AD = 300 pounds 

BC = 300 pounds 

BD = 300 pounds 

CD = 300 pounds 

ABC = 300 pounds 
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ABD = 300 pounds 

ACD = 300 pounds 

BCD = 300 pounds 

ABCD = 300 pounds 

Impact of person A = [(A-B) + «AB-B) + (AC-C) + (AD-D))/3 + «ABC-BC) + 
(ABD-BD) + (ACD-CD))/3 + (ABCD-BCD)]/4 

Impact of person B = [(B-B) + «AB-A) + (BC-C) + (BD-D))/3 + «ABC-AC) + 
(ABD-AD) + (BCD-CD))/3 + (ABCD-ACD)]/4 

Impact of person C = [(C-B) + «AC-A) + (BC-B) + (CD-D))/3 + «ABC-AB) + 
(ACD-AD) + (BCD-BD))/3 + (ABCD-ABD)]/4 

Impact of person D = [(D-B) + «AD-A) + (BD-B) + (CD-C))/3 + «ABD-AB) + 
(ACD-AC) + (BCD-BC))/3 + (ABCD-ABC)]/4 

Insetting the appropriate values and making all the calculations results in: 

Impact of person A = [(150-0) + «300-175) + (300-160) + (300-180))/3 + «300-
300) + (300-300) + (300-300))/3 + (300-300)]/4 

= [150 + (125 + 140 + 120)/3 + (0 + 0 + 0)/3 +0]/4 

= [150 + (385/3)]/4 = [150 + 128.3]/4 = 69.6 pounds 

Impact of person B = [(175-0) + «300-150) + (300-160) + (300-180))/3 + «300-
300) + (300-300) + (300-300))/3 + (300-300)]/4 

= [175 + (150 + 140 + 120)/3 + (0 + 0 + 0)/3 +0]/4 

= [175 + (410/3]/4 = [175 + 136.7]/4 = 77.9 pounds 

Impact of person C = [(160-0) + «300-150) + (300-175) + (300-180))/3 + «300-
300) + (300-300) + (300-300))/3 + (300-300)]/4 

= [160 + (150 + 125 + 120)/3 + (0 + 0 + 0)/3 +0]/4 

= [160 + (395/3)]/4 = [160 + 131.7]/4 = 72.9 pounds 

Impact of person D = [(180-0) + «300-150) + (300-175) + (300-160))/3 + «300-
300) + (300-300) + (300-300))/3 + (300-300)]/4 

= [180 + (150 + 125 + 140)/3 + (0 + 0 + 0)/3 +0]/4 
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= [180 + (415/3)]/4 = [180 + 138.3]/4 = 79.6 pounds 

Table 8 summarizes the weight of these four people and their impact as 
detetmined by the Current Accounting Procedures and the proposed accounting 
procedures. 

Table 8. Comparison of Apparent Impact and Assigned Impact for case with four Target 
Sets that exceed the scale capacity. 

Person Weight Impact - CutTent Impact - Proposed 
Accounting Accounting 

Procedures Procedures 

1 150 0 69.6 

2 175 0 77.9 

3 160 0 72.9 

4 180 0 79.6 

Sum 665 0 300 

Notice that the proposed accounting procedures do aCCOlht'lt for the fu11300 pOlmds 
of impacts. The heaviest person is assigned the greatest impact and the lightest person is 
assigned the smallest impacts. This is clearly prefetTed to the results of the Current 
Accounting Procedures, which allocate none of the impacts in this case. 
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1. Introduction 

This report provides a response to Nebraska Expert Report in Support of Counterclaim and 
Crossclaim: Nebraska's Proposed Changes to the RRCA Accounting Procedures by Dr. James C. 
Schneider dated November 18, 2011 (the "Report"). The Report builds upon a previous report titled 
Estimating Computed Beneficial Consumptive Use for Groundwater and Imported Water Supply under 
the Republican River Compact by Dr. David P. Ahlfeld, Michael G. McDonald and James C. 
Schneider dated January 20,2009 (the "2009 Report"). 

The Report presents "The Problem" and "The Solution" as if there is a single problem and a single 
solution. This is incorrect. There are in fact a number of different mechanisms at work leading to the 
observations cited in the Report. Furthermore, not all these observations are necessarily errors in the 
RRCA Groundwater Model or the application of the Model. Instead, these observations are 
manifestations of the nonlinear behavior of the complex hydrology of the Republican River Basin 
itself. 

To explain "The Problem", Nebraska introduces an analogy based on a simple weight scale with a 
limited capacity to weigh multiple objects. This analogy is misleading and inaccurate because it 
compares the RRCA Groundwater Model and Accounting Procedures to a flawed, nonlinear 
measurement device attempting to quantify a process that is inherently linear. The RRCA 
Groundwater Model is nonlinear because the underlying groundwater flow system in the Republican 
River Basin is nonlinear, and not as a result of any sort of flaw in the Model itself. Nebraska's 
analogy is therefore totally inappropriate and not helpful as an illustration. 

As for "The Solution", it is but one of many different applications of the Model that will provide a 
result. However, Nebraska's proposed solution does not solve the underlying problem, is cumbersome 
in execution, and introduces new problems. Even if one were to accept what the Report characterizes 
as an error, the solution proposed by Nebraska is not appropriate. 

Furthermore, the proposed solution burdens the States for the consumption of imported water in direct 
contradiction of the Final Settlement Stipulation (FSS) dated December 15, 2002. In fact, the 
proposed solution exacerbates the problem by increasing the amount of consumption of imported 
water added to the Computed Beneficial Consumptive Use (CBCU) of groundwater (CBCUG)l for all 
three States. 

The core of the Nebraska proposal is not to determine the Virgin Water Supply. Even under the 
proposed Nebraska procedures, the Virgin Water Supply could be very simply calculated using the 
difference between the historical simulation and a simulation with all pumping and imported water 
turned off. Instead, its complex procedure is required to attribute this difference to the States. 
Nebraska's proposed procedure would burden the States not only for the actual depletions to stream 

1 Generally, the Compact accounting and equations uses the abbreviation CBCU to generically refer 
to Computed Beneficial Consumptive Use. A subscript is used to refer to some specific type of 
CBCU. Thus the total CBCU for all groundwater consumption is CBCUG, while Nebraska's total 
groundwater consumption is CBCUN, etc. 
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flows, but also for the potential depletions to stream flows that would have been caused had the other 
States not been pumping - a purely hypothetical exercise. Such a procedure benefits the State with the 
largest impacts, because it considers the potential impacts that would have occurred in the absence of 
the major stress that historically occurred in the basin. Since, historically, Nebraska's pumping 
impacts comprise more than 80% of all the pumping impacts to streams in the basin, this obviously 
favors Nebraska. 

By burdening States with potential depletions rather than actual depletions, the Nebraska proposal 
essentially shifts the burden of some of Nebraska's pumping depletions to Colorado and Kansas, and 
thus reduces the ability of Colorado and Kansas to use their full allocations guaranteed under the 
Compact. 

Colorado therefore objects to Nebraska's proposal to change the approved procedure to calculate the 
CBCU of groundwater for each State on the following technical grounds: 

1. Nebraska's proposed solution burdens Colorado and Kansas, but mostly Nebraska itself, with 
consumption of imported water supply. This is counter to the conditions agreed to in the 
Accounting Procedures and Reporting Requirements attached as Appendix C to the FSS. 

2. Nebraska's proposed method subtracts imported water from the gaged flow that would only 
have occurred in the absence of well pumping in Nebraska. This overestimates the amount of 
imported water that was actually measured under historical conditions. 

3. Nebraska's proposed method does not match the net pumping minus imported water supply 
calculations within Nebraska, but rather overestimates the net impact within Nebraska. 

4. Nebraska bases the necessity for changing the currently approved procedures on highlighting 
selected locations and periods where the current model application does not favor Nebraska. 
The magnitude of this deficiency is overstated. In agreeing to the current approved procedures, 
the States recognized that the RRCA Groundwater Model is an imperfect analog of reality that 
cannot be perfectly accurate in every location for every year. To mitigate the Model's 
limitations, the States agreed to assess Compact Compliance using a five year running average. 

5. Nebraska's proposed method burdens Colorado and Kansas with impacts that would only have 
occurred if Nebraska had not been pumping, a situation outside of Colorado or Kansas' 
control. For example, Nebraska's pumping has dried up parts of Frenchman Creek. The 
proposed method includes impacts caused by wells in Colorado as if wells in Nebraska had 
never pumped and never dried up parts of Frenchman Creek. 

6. Nebraska's proposed method assumes that the accuracy of the RRCA Groundwater Model is 
the same under all conditions. In reality, model results becomes increasingly uncertain the 
further away they get from the conditions the model was calibrated to. The currently approved 
method was adopted to deviate from the calibrated conditions only to the extent absolutely 
necessary to determine depletions to baseflow caused by groundwater withdrawals and to 
determine the effect of the imported water supply on surface streams. In Nebraska's proposed 
method, the impact calculation is dominated by conditions to which the RRCA Groundwater 
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Model was not calibrated. 

7. The procedure proposed by Nebraska is but one of many alternatives to the procedure approved 
by the States and the RRCA as part of the FSS. If there is indeed a problem with the 
calculation of Imported Water Supply Credit in the approved procedure, the procedure 
proposed by Nebraska is not the appropriate solution. A method will be demonstrated that 
corrects a deficiency in computing the Imported Water Supply Credit without introducing 
additional complexity or introducing new problems. 

This report will address the observations cited by Nebraska as well as the specific solution proposed 
by Nebraska, and demonstrate that the proposed modifications to the Accounting Procedures are 
inappropriate. In addition, this report will address consumption of imported water. This is mentioned 
in the Nebraska report, but Nebraska's proposal does not correct this problem. As an example of 
alternative procedures, this report will present a procedure designed to address this issue, although the 
procedure proposed in the report may not be the sole solution to the problem. 

The graphs and results shown in this report are based on model simulations supplied by Nebraska to 
support its current Report and the report Nebraska submitted in support of its proposals in the 2009 
nonbinding arbitration (2009 Report). 

2. The perceived problem 

Nebraska contends that the approved RRCA Accounting Procedures are flawed because the impacts 
computed for individual States do not equal the impacts for the three States combined, for each sub
basin, and for each year. 

This result is not indicative of any error. Instead, this result is simply the consequence of the nonlinear 
behavior inherent in the Republican River groundwater system which is correctly represented in the 
RRCA Groundwater Model. The approved RRCA Accounting Procedures recognize that the 
nonlinearities in the model could cause the pumping impacts of wells in Colorado or Kansas to be 
greater in the absence of any pumping in Nebraska than the pumping impacts of wells in Colorado or 
Kansas when wells in Nebraska were actually pumping, as they did historically. 

The approved RRCA Accounting Procedures satisfy an important requirement that Nebraska's 
proposed method does not: The pumping impacts assigned to a State cannot exceed the amount of 
additional baseflow that would be generated by curtailment of all the wells in only that State. 
Therefore, if all the wells in Colorado were curtailed, Colorado's Computed Beneficial Consumptive 
Use of Groundwater under the Compact cannot be greater than the amount of additional baseflow 
generated by only that action. This is not by accident. The committees that constructed the RRCA 
Groundwater Model and formulated the accounting procedures were well aware of the nonlinearities 
in the groundwater system and that were represented in the Model. The procedure in the RRCA 
Accounting Procedures to calculate the Computed Beneficial Consumptive Use of Groundwater for 
each State was agree to after careful consideration of such nonlinearities. Under Nebraska's proposed 
method, Colorado would be burdened with not only the additional baseflow that would be generated 
by curtailment of wells in Colorado, but also with the additional amount of baseflow that would have 
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been generated had Nebraska never developed any wells, even though Nebraska had the right to 
develop and administer wells in Nebraska. 

The primary purpose of the RRCA Groundwater Model is to determine the amount, location, and 
timing of stream flow depletions to the Republican River caused by well pumping and to determine 
stream flow accretions from recharge of water imported from the Platte River Basin in to the 
Republican River Basin2

• This is accomplished by determining the effects of groundwater pumping 
and the imported water supply on baseflow3 and the gaged surface flows. These calculations are 
complicated by factors that contribute to the nonlinear behavior of the model. Specifically, 
evapotranspiration by native vegetation, which constitutes a large fraction of the overall water budget, 
changes in response to changes in water levels. In addition, significant portions of some streams dry 
up, especially during dry periods, resulting in additional nonlinearities. This leads to a complex 
interaction between imported water and pumping impacts. 

At times, some of the stream reaches dry out due to natural conditions, a condition that occurred 
historically and prior to development of the RGDSS Groundwater Model. However, imported water 
can increase the stream flows to the point where streams remain wet, and hence increase the potential 
for well pumping to cause additional depletions. It is therefore important to consider the interaction 
between the imported water and depletions caused by well pumping. 

2.1 Nebraska's Demonstration of the Problem 

To demonstrate the existence of a problem, Nebraska cites examples where Nebraska would benefit 
from a change in the approved accounting procedures. Specifically, in the 2009 Report, Nebraska 
demonstrates that in 2003 Nebraska would receive a larger allocation under the proposed method on 
Beaver Creek because the combined impacts for Kansas and Nebraska are greater than the individual 
impacts of Kansas and Nebraska added together. Further, Nebraska demonstrates that it will receive a 
larger allocation in 2003 under the proposed method on Frenchman Creek because the combined 
impacts for Colorado and Nebraska are greater than the individual impacts of Colorado and Nebraska 
added together. In addition, Nebraska demonstrates that in 2003, the imported water supply on the 
Main Stem under the proposed method would be greater than under the approved method. In the 
current Report, Nebraska concentrates on the Swanson-Harlan mainstem reach to illustrate how under 
the proposed method, Nebraska would benefit from a change in the procedures under projected future 
conditions. 

2 This imported water or "imported water supply" is a water supply imported to the Republican River 
Basin by a state resulting from the activities of man. Here we are concerned with water diverted from 
the Platte River in Nebraska, a portion of which recharges the groundwater system within the 
Republican River Basin, also referred to as "the mound." This water can result in additional baseflow 
and even CBCU that would not exist but for the imported water supply. 

3 In simplified terms, "baseflow" may be thought of as the water that accretes to surface streams from 
an aquifer. It is a portion of, but not necessarily the entire amount, of water recorded at a stream gage. 
Gaged flows may also contain water that reached the stream directly from surface runoff, usually due 
to precipitation events. 
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Nebraska's conclusion that these demonstrations are indicative of errors in the current RRCA 
Accounting Procedures is not correct. Specifically, Nebraska's demonstrations rely on the necessary 
nonlinear behavior of the Model to show that if there had been no well development in Nebraska, then 
Kansas would have had bigger impacts on Beaver Creek and Colorado would have had bigger impacts 
on Frenchman Creek. Nebraska presents their proposed change to the accounting procedure as a 
correction needed because the approved method underestimates the virgin water supply. 

However, Nebraska's proposed procedure incorrectly increases the calculation of Kansas and 
Colorado's well impacts on baseflow by basing that determination on a scenario where no other state 
developed its groundwater resources. Thus, the proposed method increases the calculated impacts of 
Kansas and Colorado wells on baseflow beyond their actual physical impact on the hydrologic system. 
For example, Nebraska's proposed method calculates that in 2003 Colorado pumping impacted 
Frenchman Creek by 2,565 acre-feet. However, the current application of the model shows that if 
Colorado had never developed a single well, there would be only 19 acre-feet of additional baseflow in 
Frenchman Creek. Similarly, Nebraska's proposed method calculates that in 2003 Kansas pumping 
impacted Beaver Creek by 2,021 acre-feet. However, the current application of the model shows that if 
Kansas had never developed a single well, there would be only 323 acre-feet of additional baseflow in 
Beaver Creek. 

The reasons why the RRCA Groundwater Model predicts greater impacts from pumping in Colorado 
and Kansas in the absence of well development in Nebraska are detailed below. 

2.2 Nonlinearity in the RRCA Groundwater Model 

The RRCA Groundwater Model is, by necessity, a non-linear model. That means that the model 
outputs are not directly proportional to the model inputs. For example, if x acre-feet of pumping 
results in y acre-feet of stream depletions, then 2x acre-feet of pumping will not necessarily result in 
2y acre-feet of stream depletions. 

There are a number of mechanisms contributing to nonlinearity in the physical system, and therefore 
in the Model, including evapotranspiration, springs and streams. In particular, the MODFLOW stream 
package is used to track surface water along a stream course and will let streams go dry when losses 
exceed the inflow to a stream reach. When a stream reach goes dry, well impacts to streams will not 
increase as well pumping increases, because there is no baseflow to impact, leading to significantly 
nonlinear behavior. 

The RRCA Groundwater Model is applied in a transient4 mode, but the results are summarized on an 
annual basis for Compact Accounting purposes. Some of the nonlinear behavior may occur during 
only part of the year, but still result in nonlinear behavior on an annual basis. The nonlinear behavior 
may be exacerbated when, for example, the period of time during which the stream is dry changes 
between the simulations being compared. 

4 Generally, groundwater models are run in either steady state or transient modes. Transient 
simulations are needed to analyze time-dependent problems. Transient simulations produce a set of 
groundwater heads or elevation for each time step, Le. twice monthly, whereas steady-state 
simulations generate only one set of groundwater heads representing an average over time. 
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Although the nonlinear behavior of the RRCA Groundwater Model is recognized and accepted, it is 
also recognized that the Model will need to be operated on an ongoing basis. Therefore, a number of 
appropriate simplifications were incorporated into the Model. For example, instead of allowing the 
Model to calculate the saturated thickness as a function of change in water levels, the Model is 
operated with a saturated thickness that does not vary over time. This makes the Model behavior less 
nonlinear, but also results in a Model that is considerably more robust and easier to operate. All three 
States and the United States agreed to these modeling procedures and protocols. 

The Accounting Procedures section III.D.1 establishes the procedure for running the Model in order to 
determine to what extent each State's consumption of groundwater depletes baseflow in the 
Republican River Basin. This procedure evaluates state by state pumping impacts by making paired 
Model runs which evaluate the difference in baseflow both with and without pumping within the State 
in question. Note that for this evaluation, whether the Model is linear or nonlinear does not affect the 
evaluation procedure. The Model can be used to directly compute the outputs for a given set of inputs. 
Whether a model is linear or nonlinear only matters when there is an expectation that the differences 
derived from these paired model simulations can be combined to derive a result without actually re
running the model. 

The difference in the baseflow caused by turning off the wells is by definition the impact. Whether 
the baseflow is linearly or nonlinearly related to the pumping is immaterial when evaluating the 
impacts for one state using the RRCA approved method since the Model directly calculates the change 
in flow while considering all the nonlinear relationships. The Model explicitly evaluates the two 
conditions and by definition the change in baseflow between the conditions are the baseflow impacts 
used in the Compact Accounting. Nonlinearity only plays a role when it is expected that the 
individual State impacts should sum to the total impact computed as the difference between a 
simulation representing historical conditions and a simulation representing predevelopment conditions 
5 

2.3 Computing Impacts 

The procedure for estimating pumping impacts approved by the RRCA is defined in the Accounting 
Procedures III.D.1 

D. Calculation of Annual Computed Beneficial Consumptive Use 

1. Groundwater 

Computed Beneficial Consumptive Use of groundwater shall be determined by use of 
the RRCA Groundwater Model. The Computed Beneficial Consumptive Use of 
groundwater for each State shall be determined as the difference in stream flows using 
two runs of the model: 

The "base" run shall be the run with all groundwater pumping, groundwater pumping 

5 A pre development condition means that n,o well development or imported water supply occurred 
anywhere in the basin. 
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recharge, and surface water recharge within the model study boundary for the period 
1940 to the current accounting year "on". 

The "no State pumping" run shall be the run with the same model inputs as the base 
run with the exception that all groundwater pumping and pumping recharge of that 
State shall be turned "of!" 

An output of the model is baseflows at selected stream cells. Changes in the base flows 
predicted by the model between the "base" run and the "no-State pumping" model run 
is assumed to be the depletions to stream flows. i.e., groundwater computed beneficial 
consumptive use, due to State groundwater pumping at that location. The values for 
each Sub-basin will include all depletions and accretions upstream of the confluence 
with the Main Stem. The values for the Main Stem will include all depletions and 
accretions in stream reaches not otherwise accounted for in a Sub-basin. The values for 
the Main Stem will be computed separately for the reach above Guide Rock, and the 
reach below Guide Rock 

Therefore the approved procedure for estimating pumping impacts approved by the RRCA compares 
baseflow in a historical simulation with baseflow in a simulation where pumping for a State is 
removed. Similarly the imported water supply credits are calculated by subtracting stream flows in a 
simulation where the imported water supply is removed from the historical simulation. Following the 
nomenclature introduced by Nebraska in Table 10 of the 2009 Report, the approved methods for 
estimating impacts are 

CBCUc = KMN - CKMN 
CBCUK = CMN - CKMN 
CBCUN = CKM - CKMN 
IWS = CKMN - CKN 
so that 
CBCUc + CBCUK + CBCUN - IWS = KMN + CMN + CKM + CKN - 4CKMN 
CBCUN - IWS = (CKM-CKMN) - (CKN-CKMN) = CKM + CKN - 2 CKMN 

(la) 

(lb) 

(lc) 
(ld) 

(Ie) 

(If) 

The physical interpretation of Eq. Ie and If is that the total basin wide impact and total Nebraska 
impact are simply the sum of the individual components that make up the sum. In general these sums 
will not match the values computed as 8-CKMN and CK-CKMN if the model behaves nonlinearly, as 
it should in this circumstance. 

The procedure first proposed by Nebraska in the January 2009 Report modifies the approved 
procedure to be 
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CBCUc = (KMN-CKMN)/4 + (8-C)/4+ 
(K-CK)112+(M-CM)/12+(N-CN)112+(KM-CKM)112+(KN-CKN)/12+(MN-CMN)/12 (2a) 

CBCUK =(CMN-CKMN)/4 + (8-K)/4+ 
(C-CK)/12+(M-KM)/12+(N-KN)112+(CM -CKM)112+(CN-CKN)112+(MN -KMN)112 (2b) 

CBCUN =(CKM-CKMN)/4 + (8-N)/4+ 
(C-CN)/12+(M-MN)112+(K-KN)112+(CM-CMN)/12+(CK-CKN)112+(KM-KMN)/12 (2c) 

IWS =(CKMN-CKN)/4 + (M-8)/4+ 
(CM-C)/12+(KM-K)/12+(MN-N)112+(CKM-CK)112+(CMN-CN)112+(KMN-KN)/12 (2d) 

so that 
CBCUc+ CBUCK + CBCUN - IWS = 8-CKMN (2e) 
CBCUN - IWS = (CKM-CKMN)/4 + 

(8-N)/4+(C-CN)/12+(M-MN)112+(K-KN)/12+(CM-CMN)/12+(CK-CKN)/12+(KM-KMN)112 
+ (CKN-CKMN)/4 + 
(8-M)/4+(C-CM)/12+(K-KM)/12+(N-MN)/12+(CK-CKM)112+(CN-CMN)/12+(KN-KMN)/12 

=(8-CKMN)12 + (K-M)/6+(C-N)/6+(CK-MN)/6+(CKM -CMN)/6+(CKN -KMN)/6 (2f) 

Note that the Nebraska proposal shown in Eqs. 2a-d assigns 1,4 the weight to the original equation 
shown in Eqs. la-d, respectively. It then adds with the same 1,4 weight the difference between a 
simulation where there is no development in the basin and a simulation where pumping in only one 
state is developed, or only surface water imports occur. The remaining six terms each have a 1112 
weight and adds to half the total weight. These six terms evaluate different combinations of 
development in well pumping or smface water imports. 

The rationale provided in the Nebraska Report for this procedure is that the States should not only be 
charged for the actual depletions they caused, but also for the potential depletions they would have 
caused in the absence of pumping from other States. Furthermore, it should be noted that in half the 
simulations shown in Eqs. 2a-d imported water supply is included, which burdens all three states with 
the depletion of imported water in direct contradiction to the FSS. 

The sixteen runs can be combined as weighted pairs in numerous different ways. Mathematical 
manipulation of the averages can lead to different results, but just because mathematical manipulation 
of the results provides a desirable outcome, it does not mean that it produces a "better", much less 
correct result for the three States, or enhances administration of the Republican River. It is important 
that the mathematical manipUlation of these equations be interpreted in terms of the physical meaning 
of the terms. For example, in Section 3.1 below it will be shown how Eq. 2a physically means that the 
impact assigned to Colorado is the average of the impact that actually occurred historically and 
impacts that would have occurred had Nebraska never developed any wells. This is untenable. The 
mathematical manipulations must be tempered by sound engineering judgment as to whether such a 
procedure is "better" and correct under the Compact. 

Nebraska's proposal has at its core the goal of matching the sum of state impacts to the total directly 
computed impacts 8-CKMN. In order to achieve this goal, correctly computing the total Nebraska 
impact is sacrificed as shown in Eq. 2e. If instead, the goal is to correctly compute the impacts for 
each state, the model may, for example, be utilized in the following manner: 
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CBCUc = KN - CKN 

CBUCK = CN - CKN 
CBCUN = CK - CKN 
IWS = CKMN-CKN 
so that 
CBCUc + CBUCK + CBCUN - IWS = KN + CN - 2CKN +CK - CKMN 

CBCUN - IWS = (CK-CKN) - (CKN-CKMN) = CK - CKMN 

(3a) 

(3b) 

(3c) 
(3d) 

(3e) 

(30 

Note that Eqs. 3a-c are the same as Eqs. la-c except that pumping impacts are evaluated in the absence 
of the imported water supply, hence dropping the M factor from each term. Eq. 3d is identical to Eq. 
1d. The physical interpretation of Eq. 3e is again that the total impact is simply the sum of the 
individual impacts. However, Eq. 3f shows that the Nebraska total impact matches the directly 
computed Nebraska impact. In practice, Eqs. 3a and 3b yield essentially the same result as Eqs. la 
and 1 b since the Colorado and Kansas pumping impacts are not affected by imported surface water in 
more than a de minimis amount. However, under proper modeling protocols the pumping impacts 
should be evaluated in a consist manner. 

This is not to suggest that the current approved protocol is necessarily in error, only that models and 
model results may be manipulated in any number of ways to reach a different result depending upon 
the goal of those who operate the model. 

2.4 Quantitative Results 

Tables 1 and 2 show the quantitative impact of the different methods shown above. Tables la-z show 
the results for each year from 1981-2006. Tables 2a, 2b and 2c show the average values for 1981-2000, 
2001-2006 and 1981-2006, respectively. 

Each table shows the amount calculated for CBCUc , CBUCK , CBCUN and IWS. In addition, the NE 
Residual column shows the residual calculated as for just Nebraska as 

Nebraska Residual = (CBCUN - IWS) - (CK - CKNM)), (4) 
while the Basin Residual column shows the basin wide residual computed as 

Basin Residual = (CBCUc + CBUCK + CBCUN - IWS) - (8 - CKNM)). (5) 
For each term in Tables 1 and 2, three methods are shown. The column labeled RRCA is the approved 
method currently in use. 6 The Jan09 column refers to the results computed using the Nebraska 
proposal of January 2009 as shown in Eqs. 2a-d. The NEnet column refers to results computed using 
the example computation shown in Eqs. 3a-d. 

6 As noted in the introduction, the results shown are based on model runs provided by Nebraska. The 
values shown here as RRCA are calculated using the approved RRCA procedure, but using the 
Nebraska runs in order to provide a consistent comparison of the different methods. However, these 
impacts do not match the impacts calculated by the official version of the RRCA Groundwater Model 
and approved by the RRCA. The differences derive from the fact that the Nebraska simulations used 
incorrect stresses for the initial stress period and used a different stream package for period until 2000, 
which has lagged effects for several years beyond 2000. Correcting these errors does not materially 
alter the results or conclusions. 
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As can be seen in Tables 1 and 2, the Basin Residual using the method proposed by Nebraska (Jan09 
column) is always zero. This is a matter of mathematical necessity as shown in Eq. 2e, but does not 
necessarily mean the Nebraska's method is appropriate. Similarly, the Nebraska Residual is always 
zero when using the NEnet method, as it must be from Eq. 3f. 

It is also interesting to note that Table 2c shows that using the RRCA approved method from 1981 to 
2006, the average Basin Residual is 361 acre-feet/year. That means that over this period, the 
individual computed impacts using the existing approved method matches the directly computed 
impacts to within 361 acre-feet/year out of a total of about 197,000 acre-feet/year, a residual of 0.18%. 
This residual is well within the accuracy of the RRCA Groundwater Model and two orders of 
magnitude smaller than the accuracy of surface water stream gages. 

While the Basin Residual using the method proposed by Nebraska is identified as zero, Table 2c shows 
that the method has an average residual inside Nebraska of 3,470 acre-feet for 1981-2006. That means 
that the total impact inside Nebraska is overestimated by 3,470 acre-feet on average from 1981-2006. 
This is primarily the result of including consumption of imported water, as will be demonstrated 
below. 

As shown in Tables 1 and 2, the different methods result in computed impacts that are quite different. 
In particular, Table 2c shows that on average for each year from 1981-2006, the method proposed by 
Nebraska increases the pumping impacts of Colorado by 2,096 acre feet, increases the pumping 
impacts of Kansas by 1,494 acre-feet, and decreases the pumping impacts of Nebraska by 206 acre
feet, while the Imported Water Supply is increased by 3,746 acre-feet. 

By comparison, the method shown in Eqs. 3a-d results in Colorado's pumping impacts decreasing by 7 
acre-feet, impacts of Kansas pumping decreasing by 233 acre-feet, impacts of Nebraska pumping by 
7,422 acre-feet and Imported Water Supply remaining unchanged. 

The different methods therefore do lead to quantitatively different outcomes. It appears that the 
method proposed by Nebraska may have been chosen based on the fact that it produces a result that is 
beneficial to Nebraska, rather than scientific merit. 

2.5 Model Calibration and Uncertainty 

The RRCA Groundwater Model was calibrated to historical conditions based on a steady state 
simulation to provided initial conditions for January 1, 1918, followed by a transient simulation from 
1918 to 2000. The study period was selected to cover the period over which the Republican River 
Basin was developed which spanned approximately 1940 to 2000. However, since the Dust Bowl years 
immediately preceded this period, the lingering effects of the Dust Bowl would be difficult to estimate. 
The study period was therefore extended to before the Dust Bowl era. For these early years, 
precipitation recharge is the primary aquifer stress and the starting date for the transient simulation 
was therefore determined by the availability of precipitation data. For the pre-1918 initial steady state, 
the average precipitation recharge for 1918 to 1940 was calculated and then reduced to 75% of that 
amount based on observed water levels during later years. 

The Model was not calibrated to pre-1918 conditions. Instead, the Model was calibrated in transient 
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mode based on observed water levels and baseflow in the streams. Gaged stream flow records extend 
from approximately 1940 to 2000, although individual gage records may be for much shorter or 
intermittent periods. Groundwater levels for calibration extend to 1909, but most groundwater levels 
are from 1950 onwards. 

The Model is calibrated to historical conditions which included well development over time and 
surface water imports, and the effects of these mechanisms on water levels. In the current RRCA 
approved procedures, the Model runs start from this historical condition which is based upon actual 
measured data and deviates only as necessary to evaluate the impacts of the various activities of man. 
In part, this approach was selected to minimize the uncertainty in the results produced by the model. 

The uncertainty in a model's results is least under conditions to which the a model was calibrated. 
Under these conditions, the RRCA Groundwater Model has been shown to reproduce reasonably 
accurate representations of historical baseflow and water levels. One therefore has confidence that the 
RRCA Groundwater Model will be able to accurately predict changes from that condition. However, 
the further removed model predictions are from the conditions to which that model was calibrated, the 
more uncertain the model predictions. The more nonlinear a model is, the faster that uncertainty 
grows. 

The Nebraska proposal gives equal weight to differences from the historical and the simulation 
without any development, despite the differences in their relative reliability. This is not a correct 
modeling protocol. 

2.6 Selecting the best method 

While the different methods differ quantitatively, determining which is the "best" method is not simply 
a matter of selecting a desirable outcome. 

Nebraska argues that their proposal is appropriate as it results in no Basin Residual. However, it 
requires (1) that States be burdened with impacts that did not actually occur; (2) including 
consumption of imported water; (3) overestimating the net impacts inside Nebraska; and (4) 
computational awkwardness. 

One could argue that the alternate method shown in Eq. 3a-f above is "better" because (1) it does not 
burden the States for impacts that did not historically occur; (2) it explicitly excludes consumption of 
imported water; (3) it has no net residual inside Nebraska; and (4) it requires no more complex 
computations than the approved method currently approved by the RRCA. 

The States agreed to the current method after careful deliberation and considering numerous facts such 
as those enumerated above. Nebraska presents their proposal as an improvement based on a single 
criterion. Colorado disagrees with this position. As demonstrated by Table 2c, the average residual 
for the RRCA currently approved method is indeed small. Furthermore, there are many possible 
solutions, as demonstrated by the one alternative example cited. Nor is the Basin Residual criteria the 
only measure that can be used to evaluate the perceived "accuracy" of the procedure. 

Nebraska is therefore wrong in arguing that there is one solution. Colorado therefore disagrees with 
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the imperative to change the RRCA approved procedure and specifically finds Nebraska's proposal 
unacceptable, both in terms of proper modeling protocol and in terms of attempting to predict the 
depletions caused to the streams by each State's actual groundwater withdrawals. 

3.0 Deficiencies in Nebraska's Proposed Solution 

Even if one were to agree that the demonstration provided by Nebraska does indeed indicate that there 
is a problem with the current RRCA approved Accounting Procedures, it would not automatically 
follow that the Nebraska's proposed solution is appropriate. In fact, as will be demonstrated below, 
Nebraska's proposed procedure suffers from several deficiencies that preclude the results from being 
acceptable. 

In the following sections, the specific demonstrations provided by Nebraska will be examined. It will 
be shown that what Nebraska identifies as a problem is not necessarily actually a problem, and that 
Nebraska's proposed procedure does not adequately address the deficiencies identified, but will 
instead introduce new problems. 

3.1 Frenchman Creek Impacts 

Frenchman Creek starts in Colorado. It appears on maps extending west of the town of Holyoke, 
Colorado, but has generally been farmed over and flows only for relatively short periods after 
exceptional rain events. The Republican River Compact allocates to Colorado the entire water supply 
of the Frenchman Creek drainage basin in Colorado. In the RRCA Groundwater Model, Frenchman 
Creek is modeled using the extent of perennial streams as described by the USGS. Figure 1 shows the 
model cells used to represent Frenchman Creek in the RRCA Groundwater Model from near the 
Colorado State Line until the Frenchman Creek near Imperial gage above Enders Reservoir. 

Impacts to Frenchman Creek are comprised of three parts. The first is impacts to Frenchman Creek 
between the Colorado State Line and the Frenchman Creek at Imperial stream gage. The second is 
impacts to Enders Reservoir. The third is impacts to Frenchman Creek from Enders Reservoir to the 
creek's confluence with the main stem of the Republican River. The impacts are calculated as 
differences between simulations. The difference in baseflow at the Frenchman Creek near Imperial 
gage, the difference in leakage for Enders reservoir, and the difference in baseflow at the confluence 
with the Main Stem are summed to give the total predicted impact to Frenchman Creek. The stage in 
Enders Reservoir is based on historical measurements, and baseflow is set to zero at Enders dam, so 
the three terms are effectively independent of each other. 

Figure 1 shows the cells where Frenchman Creek is a live stream in the RRCA Groundwater Model as 
light blue cells. Each Model cell represents one square mile. Cells where the Model indicates that the 
stream is dry are shown in yellow. Note that under historical conditions, the Model shows that in July 
2003, there are some sections where Frenchman Creek is a live stream, but others where it dries out. 
Only for the last three model cells is there a continuous live stream above the Frenchman Creek near 
Imperial gage. In effect, Frenchman Creek does not become a continuous live stream until more than 
20 miles east of the Colorado State line, about two miles from the Frenchman Creek near Imperial 
gage. 
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Figure 2 shows the RRCA Groundwater Model predicted baseflow along Frenchman Creek as a blue 
line. The horizontal axis in Figure 2 represents stream reaches in the Model which does not translate 
linearly to river miles but does show the progression from upstream to downstream. The vertical axis 
represents the baseflow. The model predicts that under historical conditions, there is some baseflow 
from reaches 14 to 30, but that the stream dries up and only becomes live for reaches 34 to 39 which 
represent approximately the last two miles above the Frenchman Creek near Imperial gage. 

When the RRCA Groundwater Model is run under predevelopment conditions, that is a simulation 
where no pumping occurs in either Colorado, Kansas or Nebraska and there are is no imported water 
supply, the Model predicts stream flows shown by a purple line in Figure 2. Note that in this 
simulation, there is a continuous live stream from reach 3 until the Frenchman Creek near Imperial 
gage. Figure 1 shows that the continuous live stream extends from about four miles from the Colorado 
State Line all the way to the Frenchman Creek near Imperial gage. 

The Model can also be run assuming that these same historical conditions occur, except that no wells 
were ever developed in Colorado. The result of that simulation is shown as a green line in Figure 2. 
The difference between the green line and the blue line measures the predicted impact that the wells in 
Colorado have on the stream flow, and is highlighted in orange. As can be seen in Figure 2, in the 
absence of wells in Colorado, there is a small increase in stream flow from reach 14 to 23, but then the 
stream dries out regardless of whether any wells in Colorado pump or not. When the stream does 
become live at reach 34 the increase in baseflow at the Frenchman Creek near Imperial gage in the 
absence of Colorado pumping is 0.044 cfs. 

If instead the Model is run assuming that only wells in Colorado were developed, and that no wells 
were developed in Kansas or Nebraska and no imported water supply occurred, the Model predicts 
baseflow shown as a red line in Figure 2. The impact of Colorado well pumping on Frenchman Creek 
under these conditions is the difference between the purple and red lines, which is shaded in yellow. 
As a result of lowering the water table, the reduction in stream gains in the form of baseflow in stream 
reaches 3 to 8 propagate all the way to the Frenchman Creek near the Imperial gage. In Figure 1, these 
impacts occur in the westernmost blue cells shown in the predevelopment frame, approximately four to 
six miles from the Colorado state line. 

The July 2003 situation illustrated in Figures I and 2 is not unique. Figure 3 shows the Model 
predicted baseflow at the Frenchman Creek near Imperial gage. The horizontal axis represents time 
and covers the period from 1950 through 2006. The vertical axis represents baseflow at the 
Frenchman Creek near Imperial gage. Model simulated baseflow for different simulations are shown 
as lines in colors consistent with Figure 2. The difference between the green and blue lines which is 
colored orange shows that if wells in Colorado would have never pumped under otherwise historical 
conditions, additional baseflow would have only rarely showed up at the Frenchman Creek near 
Imperial gage. During 2003, this additional flow averages about 0.026 cfs. 

However, Figure 3 also shows that there is a dramatic decline in baseflow at the Frenchman Creek at 
Imperial gage from about 1970 to 2000. This decline in baseflow is caused almost exclusively by 
nearby pumping in Nebraska. The Model simulations show that in the absence of any well 
development, baseflow would remain around 70 cfs as indicated by the purple line. More imp0l1antly, 
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in the absence of well pumping in Nebraska, there would be a live stream from near the Colorado State 
Line to the Frenchman Creek near Imperial gage. The proximity of this live stream to wells in 
Colorado would cause greater stream depletions, resulting in baseflow shown as the red line, and 
hence the impacts from these wells would be the difference between the red and purple lines which is 
shaded in yellow. 

Figure 3 shows that, had there never been well development in Nebraska, wells in Colorado would 
have impacted the amount of baseflow that reached the Frenchman Creek near Imperial gage. 
However, given the historical reality that wells in Nebraska were in fact developed, the Model 
simulations show that even if there had never been any well development in Colorado, there would be 
little additional baseflow at the Frenchman Creek near Imperial gage. 

It is instructive to construct the Nebraska method for the simplified two state case that occurs on 
Frenchman Creek. Ignoring the impacts of imported water supply (the mound or M) and Kansas 
pumping K because they are so small on Frenchman Creek, the total impact on Frenchman Creek 
using the Nebraska definition is approximately 8-CN. From basic arithmetic, we know that we can 
split one into two halves. Also, if you add and subtract the same quantity, the net result does not 
change. Therefore, we can split 8 and CN and add and subtract Y2C and YzN without altering the 
result as 

8-CN ::: 

::: 

(Yz8 + Yz8) - (Y2CN + Y2CN) + (Y2C - Y2C) + (Y2N - Y2N) 
Y2(8-C) + Y2(N-CN) + Y2(8-N) + Y2(C-CN) (6) 

after regrouping the terms on the right hand side. Assigning terms differing in N to Nebraska and 
terms differing in C to Colorado, Eq. 6 can be rewritten as 

8-CN ::: CBCUc + CBCUN (7) 
where 

CBCUc= Y2(8-C) + Y2(N-CN) 
CBCUN ::: Y2(8-N) + Y2(C-CN) 

(8a) 

(8b) 

Note that Eqs. 8a and 8b demonstrate mathematically that the essence of the Nebraska proposal is to 
average the actual and the potential depletions. The Colorado CBCU is the average of the actual 
historical depletion caused by Colorado N-CN and the depletion that would have occurred in the 
absence of Nebraska pumping 8-C. Since pumping in Nebraska is much more and closer to 
Frenchman Creek than pumping in Colorado, the potential impacts 8-C are much larger than then 
actual impacts N-CN. In particular for 2003, 8-C is 5,099 acre-feet, while N-CN is 19 acre-feet. On 
the other hand 8-N and C-CN are very similar because Colorado's pumping impacts to Frenchman 
Creek are small compared to those of Nebraska. 

The full Nebraska proposal for the calculation of Colorado's pumping impacts (CBCUd is 
summarized in Figure 4. The proposal uses sixteen simulations. These sixteen simulations are viewed 
as eight pairs, each where one simulation includes and one excludes Colorado pumping. Figure 4 
shows these eight pairs in individual frames. The CBCUc is then calculated as the weighted average 
of the different simulations. 

Figure 4 shows that the eight pairs fall into two categories, four where the wells in Nebraska are 
pumping and four where there is no well pumping in Nebraska. In fact, the four combinations in each 
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group of four, with or without Kansas pumping and with or without the imported water supply, makes 
so little difference as to be indistinguishable. For all practical purposes, therefore, the CBCU c for 
Frenchman Creek is the average of the two impacts shown in Figure 3. (Due to their distance from 
pumping in Colorado, the contribution from pumping impacts to Enders Reservoir and Frenchman 
Creek below Enders are de minimis). The approximation in the simplified two state example shown in 
Eqs. 8a and 8b therefore captures the essence of the Nebraska proposal for Frenchman Creek. 

The Colorado pumping impact calculated as baseflow that occurs under historical conditions had 
Colorado wells never pumped is 19 acre-feet in 2003. The Colorado pumping impact calculated as the 
reduction in baseflow from predevelopment conditions if only Colorado wells pumped is 5,099 acre
feet in 2003. 

The Nebraska pumping impact calculated as baseflow that occurs under historical conditions had 
Nebraska wells never pump is 8l,188 acre-feet in 2003. The Nebraska pumping impact calculated as 
the reduction in baseflow from pre development conditions if only Nebraska wells pumped is 86,231 
acre feet in 2003. 

The total impact for 2003 estimated as the increase in baseflow if wells in Colorado never pumped (19 
acre-feet) plus if wells in Nebraska never pumped (81,188 acre-feet) is 81,207 acre-feet. However, the 
total impact for Frenchman Creek calculated as 8-CKMN is 86,231 acre-feet, which is 5,024 acre-feet 
more. 

If one were to insist that the sum of the impacts match the total, one could increase the values 
proportionately. Since the Nebraska impacts are 99.976% of the total under historical conditions, one 
could proportionately apportion the 5,024 acre-feet as 5,023 acre-feet to Nebraska and 1 acre-feet to 
Colorado. 

However, the method proposed by Nebraska essentially averages the historical conditions and the 
predevelopment conditions. So for Colorado, the 19 acre-feet under historical conditions and 5,099 
acre-feet under predevelopment conditions are averaged. A strict arithmetic average as in Eq. 8a 
would be 2,559 acre-feet, but the full procedure proposed to Nebraska combines other simulations so 
that the result is actually 2,562 acre-feet, a difference of 3 acre-feet. For Nebraska, the 81,207 under 
historical conditions and 86,213 acre-feet under pre development conditions are averaged. A strict 
arithmetic average as in Eq. 8b would yield 83,710 acre-feet, but the full Nebraska proposal results in 
83,704 acre-feet, a difference of 6 acre-feet. 

The procedure proposed by Nebraska allocates the 5,099 acre-feet difference by increasing the 
Colorado impact by 2,543 acre-feet and the Nebraska impact by 2,516. This increases the Colorado 
impact by 13,384%, and the Nebraska impact by 3.1 %. The justification given for this procedure is 
that Colorado's impacts would have been greater if Nebraska had never developed wells, a situation 
that is contrary to historical reality and completely out of the State of Colorado's control. 

Colorado has no specific Compact Allocation for groundwater CBCU on Frenchman Creek. 
Therefore, Nebraska's proposed change increases Colorado's obligation under the Compact by 2,543 
acre-feet based purely on impacts that did not and could not actually occur, but would have occurred 
only if Nebraska had never developed any wells. Such a procedure is untenable. 
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Another way to view the effect of the Nebraska proposal is that when a stream dries up, additional 
pumping cannot have any other effect on the stream itself, but the pumping continues to withdraw 
groundwater from storage in the aquifer itself. Nebraska's proposal essentially takes that amount of 
groundwater withdrawn from storage and divides it equally among the two states and charges those 
withdrawals as CBCU, even though there is no stream impact at that time from the withdrawals from 
storage. In the previous non-binding arbitration, Arbitrator Karl J. Dreher viewed the Nebraska 
proposal in this manner and found Nebraska's proposal inappropriate. Arbitrator's Final [Corrected] 
Decision, In re Non-Binding Arbitration in Accordance with: Final Settlement Stipulation (July 13, 
2009) at <[<II 29-33. The Compact does not restrict the depletion of the groundwater aquifer, only the 
impact the aquifer depletions have on the surface streams. 

3.2 Beaver Creek 

The Beaver Creek sub-basin is the longest sub-basin in the Republican River Basin. It extends 
approximately 175 miles starting about 30 miles inside Colorado and ending at the confluence with 
Sappa Creek about 15 miles upstream of Harlan County Reservoir. The Beaver Creek stream channel 
is generally dry within Colorado. 

In the RRCA Groundwater Model, the representation of Beaver Creek starts about 25 miles 
downstream of the Colorado state line inside Kansas, due to the historically dry stream channel in 
Colorado. Figure 5 shows the Model cells used to represent Beaver Creek. Color is used to represent 
dry and wet stream cells in the model for June 2003. Blue ceHs represent a live stream, and yellow 
cells represent cells where the stream dried up. 

Figure 6 shows the June 2003 information as a graph of flow versus distance. The horizontal axis 
represents model stream reaches numbered consecutively from upstream to downstream, while the 
vertical axis represents the stream flow. The jump in stream flow at reach 76 occurs as a result of 
inflow from the Little and North Fork of Beaver Creek which is shown in Figure 5. The stream 
crosses the KansaslNebraska state line at reach 149 and is indicated in Figure 6 as a vertical line. 

The Model predicted flow under historical conditions is shown as a blue line in Figure 6. The stream 
flows and dries out for some distance from the upstream end as shown by yellow cells in Figure 5. 
Then, from reach 34 there is a continuous live stream until reach 170. In Figure 5 it can be seen that 
this represents the stream from about 20 miles upstream of the confluence of Little and North Beaver 
Creeks to approximately 10 miles into Nebraska. From that point on there are some live sections of 
the stream, but for the most part the stream is dry. 

In the absence of any actions of man, Beaver Creek is a gaining stream along most of its course 
through Kansas. This is shown as a purple line in Figure 6. Then, as it crosses the KansaslNebraska 
state line, it becomes a losing stream for about ten miles, after which the flow remains approximately 
constant. 

In the absence of well pumping in Kansas, the Model predicted baseflow in Beaver Creek is 
essentially the same as under predevelopment conditions as illustrated by the green line in Figure 6. 
However, as the stream crosses into Nebraska, this baseflow is rapidly depleted by the wells in 
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Nebraska, such that at the confluence with Sappa Creek, where there is less than one cfs of flow 
remains. 

In the absence of well pumping in Nebraska, the Model predicted baseflow in Beaver Creek is 
essentially the same as under historical conditions as illustrated by the red line in Figure 6. However, 
as the stream Beaver Creek crosses into Nebraska, the baseflow mirrors the behavior seen under 
predevelopment conditions. So for approximately the first ten miles inside Nebraska, the stream loses 
water, and then remains approximately the same. 

Figure 6 shows that as long as either wells in Nebraska or wells in Kansas are pumping, the baseflow 
reaching the confluence with Sappa Creek will be minimal. Therefore even if there had never been 
any well pumping in Kansas there would be little improvement in baseflow. 

Figure 7 shows the same information as Figure 6, but for June 1965. It is interesting to note that the 
modeled baseflow in 1965 shows qualitatively the same behavior as in 2003 with one significant 
exception. As in 2003, the baseflow in Kansas is practically the same as the pre development baseflow 
when the wells in Kansas are not pumping and the baseflow in Kansas is practically the same as the 
historical when the wells are pumping. Then, as Beaver Creek crosses into Nebraska, the stream flows 
for scenarios where Nebraska wells are not pumping (pre development and No Nebraska Pumping) and 
scenarios where Nebraska wells are pumping (historical and No Kansas Pumping) parallel each other. 

The cause for the behavior discussed in the Report is clear from Figures 6 and 7. As a result of stream 
depletions caused by Nebraska wells, from where Beaver Creek crosses into Nebraska until the 
confluence with Sappa Creek, there is little improvement in baseflow in this reach of Beaver Creek 
even when there is no pumping in Kansas. 

Figure 8 further illustrates this behavior. The red and green lines represent the increase in baseflow at 
the confluence of Beaver Creek with Sappa Creek in the absence of well pumping in Nebraska and 
Kansas, respectively. By definition, these are the pumping impacts for wells in Nebraska and Kansas 
on Beaver Creek, respectively. Adding the Nebraska and Kansas impacts together yields the blue line. 
The purple line is the combined impact of both Kansas and Nebraska, which in Figures 6 and 7 would 
be the difference between the pre development and historical predicted baseflow. 

It is interesting to note in Figure 8 that until 1969, the sum of the individual impacts matches the 
combined impact. However, from 1970 onwards, the blue and purple lines increasingly diverge. There 
are period such as 1976-1978, 1988-1992 and 2002-2005 when the sum of the individual Nebraska and 
Kansas impacts are significantly lower than the combined Nebraska and Kansas impact. As 
demonstrated in Figures 6 and 7, this is largely caused by well pumping in Nebraska. To further 
illustrate the point, the total amount of agricultural well pumping in Furnas and Red Willow counties 
is shown in Figure 8. Beaver Creek flows into Red Willow County and then on into Furnas County. 
As can be seen in Figure 8, there is good correlation between increased well pumping in Nebraska and 
differences between the sum of the pumping impacts and combined impacts. 

As in the case of Frenchman Creek above, the procedure proposed by Nebraska imposes impacts on 
Kansas that would have occurred only if there had been no wells in Nebraska. Figure 6 shows that, 
had there been no wells in Kansas, Beaver Creek baseflow would only increase by about 0.9 cfs, the 
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difference between the blue and green lines. However, the Nebraska method also adds the more than 8 
cfs difference between the purple and red lines, that is the amount of increase in stream flow that 
would have occurred had there not been any well development in Nebraska. 

Again as in the case of Frenchman Creek, Nebraska seeks to impose an impact that did not occur 
historically, but would only have occurred had Nebraska not developed wells. And again, as found by 
Arbitrator Dreher, Nebraska is essentially taking the reduction in groundwater storage caused by 
pumping that does not result in stream depletions and averaging that change in storage between the 
states. This is not appropriate. 

Therefore the procedure proposed by Nebraska is not sufficiently rigorous and does not supply the 
answer that the Compact requires. 

3.3 Main Stem Swanson-Harlan 

The purpose of the RRCA Groundwater Model is to estimate the net result of actions of man within 
the state on stream baseflows. In Colorado and Kansas, there is only one action of man being 
evaluated, namely well pumping. However, in Nebraska, the Model is used to evaluate two actions of 
man, namely well pumping and the imported water supply, and these two actions counteract each 
other. 

Figure 9a shows a hydro graph of the inflow into Harlan County Reservoir. The simulated inflow in 
the historical simulation is shown as a blue line, while the simulated inflow in the absence of pumping 
in Nebraska is shown as a red line. By definition the impact of Nebraska pumping on the inflow into 
Harlan County Reservoir is the difference between the historical and No Nebraska Pumping 
simulations, which is depicted using yellow shading. 

Figure 9b also shows a hydro graph of the inflow into Harlan County Reservoir. The blue line is the 
same simulated inflow from the historical simulation, while the purple line represents the simulated 
inflow in the absence of imported water from the mound. The difference between these simulations is 
the result of imported water, also called the Imported Water Supply (IWS) or Mound Credit. 

Figure 9a represents the approved method for evaluating Nebraska's pumping impacts on stream flow. 
Figure 9b represents the approved method for evaluating the effects of Nebraska's imported water 
supply from the Platte River Basin on stream flow. As shown in Figure 9b there is very little inflow 
into Harlan County reservoir under historical conditions that can attributed to imported water supply. 
As shown by the purple line, in the absence of imported water supply, the inflow is zero except for a 
short period in 2001. 

From Figure 9a and 9b one could conclude that Pumping Impacts on the inflow to Harlan County 
Reservoir do not depend on the imported water supply. This can be verified by performing a 
simulation where both Nebraska pumping and imported water supply are simultaneously switched off 
as shown in Figure 9c. In Figure 9c the purple line represents the no imported water supply simulation 
as shown in Figure 9b, and the green line represents the flow in a simulation where both Nebraska 
pumping and imported water supply are removed. The difference between these simulations represent 
the Nebraska pumping impacts in the absence of the imported water supply. 

Exhibit B 
190f51 

19 

C0000000414 

C-07



Comparing Figures 9a and 9c, it is clear that the pumping impacts with imported water supply are 
often greater than pumping impacts in the absence of the imported water supply. This trend is 
especially noticeable in dry years such as 2003 and 2004 when the stream would be mostly dry except 
but for the imported water supply. This is the result from the inherent and necessary nonlinear 
behavior in the RRCA Groundwater Model. The inflow into Harlan County Reservoir is greater when 
water is imported then when it is not. This is true regardless of whether wells in Nebraska are 
pumping or not. Nebraska's fallacy lies in the expectation that the inflow would increase by the same 
amount when the wells are pumping than when they are not. 

Figures 9 show the impacts on baseflow at the inflow to Harlan County Reservoir. These flows are, of 
course, in part the result of changes of upstream inflows. Therefore, the term that appears in the 
RRCA Compact Accounting is actually the difference between the flow at this location and the sum of 
five upstream inflows, namely those from Frenchman, Driftwood, Medicine, Red Willow and Sappa 
creeks, and is called the Swanson-Harlan Mainstem Impacts. This pumping impacts evaluated in this 
way is by definition the groundwater (CBCUG) used in the Compact Accounting. 

Figure lOa shows the CBCUN in yellow calculated for the Swanson-Harlan reach as the difference 
between the historic simulation shown as a blue line and a No Nebraska Pumping simulation shown as 
a red line. Figure lOb shows the IWS in yellow calculated for the Swanson-Harlan reach as the 
difference between the historic simulation shown as a blue line and the No Nebraska Mound 
simulation shown as a purple line. Figure Wc shows CBCU N calculated for the Swanson-Harlan reach 
in the absence of imported water as the difference between a No Nebraska Pumping or Mound 
simulation shown in green, and the No Nebraska Mound simulation shown in purple. 

Figure lOa represents the CBCUN calculated using the RRCA approved method shown in Eq. lc. 
Figure Wc represents the CBCUN calculated using the alternate method shown in Eq. 3c. As shown in 
Figures lOa and lOc, the Nebraska pumping impacts for the Swanson-Harlan reach are greater with the 
imported water supply than without the imported water supply. As shown in Figure 9, this is primarily 
caused by the fact that in the absence of well pumping in Nebraska, more of the imported water supply 
reaches Harlan County Reservoir, than when the wells are operating at historical levels. 

Figure lOc demonstrates why Eqs. 3a-d are effective in evaluating the impacts of pumping in a manner 
that does not include consumption of imported water. The method proposed by Nebraska, on the other 
hand, does include the consumption of imported water. In particular, Eq. 2c can be rewritten as 

CBCUN = [3(CKM-CKMN) + (M-MN) + (CM-CMN) + (KM-KMN)]112+ 
[3(8-N) + (C-CN) + (K-KN) + (CK-CKN)]112 (9) 

Eq. 9 is algebraically identical to Eq. 2c, but Eq. 9 is written in this way to group Model simulations 
with the imported water supply "on" together (the name contains an M) and simulations with imported 
water supply "off' together (the name does not contain an M). Note that in Eq. 9 the coefficients of 
the first group of terms sum to Yz, as does the second group of terms. Therefore the Nebraska proposal 
to estimate Nebraska's pumping impacts essentially averages the impacts calculated with imported 
water supply "on" and impacts calculated with imported water supply "off'. 
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As shown in Figure 10, any simulation where the imported water supply is "on" will include 
consumption of the imported water supply. The Nebraska simulations that project 50 years into the 
future starting in 2009 are shown in Figure 11. The three frames in Figure 11 show the same quantities 
as Figure 10, just for the different period. Figure 11 b shows that in this projection, almost no imported 
water supply reaches this reach of the stream. However, Figure lla indicates that Nebraska's CBCUG, 

indicated in yellow, will steadily rise because in the absence of pumping in Nebraska (the red line), the 
baseflow would steadily rise. This rise can be attributed to the imported water supply that would have 
reached the stream in the absence of Nebraska pumping. 

The method proposed by Nebraska would continue to include this imported water supply in the 
CBCUG calculations. In fact, because the Nebraska method uses potential depletions, the CBCU G for 
all the states would contain increasing amounts of imported water supply in violation of the FFS. 

By contrast, the alternative method illustrated in Figure lIc shows that the alternative method 
effectively filters out the effect of the imported water supply, and that the CBCUG calculated in the 
absence of imported water supply remains essentially the same over time. 

The Imported Water Supply calculation is intended to subtract the imported water from the actual flow 
measured at the surface water gages. The purpose of this calculation is to correct the observed gaged 
surface flows for the increases due to the imported water supply. As in the case of estimating pumping 
impacts, Nebraska's proposed method calculates the imported water supply as a weighted average. 
Half of these differences included in the \veighted average will consider the situation where wells in 
Nebraska had never been pumping. As demonstrated in Figures 9 and 10, the amount of the imported 
water supply that reaches the gage is greater in the absence of Nebraska pumping than when Nebraska 
pumping is present. The average would therefore overestimate the amount of imported water supply at 
the gage. 

The surface water gages measure the actual historical surface water flow, including baseflow, overland 
or surface flow and imported water that makes it to the stream. The purpose of the Imported Water 
Supply calculation must therefore be to subtract the actual amount of imported water supply that was 
included as surface water flow in the measured gage flow. Eqs. Id and 3d are identical, and reflect 
exactly what is required. The Nebraska proposal reflected in Eq. 2d incorrectly incorporates imported 
water supply that did not show up in the gage flow historically, and only would have shown up had 
wells in Nebraska never pumped. 

As a result Nebraska's proposed method is not acceptable modeling protocol and is not a reasonable 
representation of the physical system. 

4. Nebraska's Scale Analogy 

In the their Report, Nebraska uses the analogy of a scale which is used to measure weights but reads 
low beyond a certain weight as an analogy to describe what they consider "The Problem". This 
analogy is very misleading, and is incorrect in several respects. 
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4.1 The Analogy Applies a Nonlinear Tool to a Linear Process 

Weights are linearly additive. When two or more weights are added to the scale, the scale reading 
should be the sum of the individual weights. If the scale does not show a weight equal to the sum of 
the individual weights, the scale is operating incorrectly. This is entirely a failure in the scale and does 
not correctly reflect the behavior of the underlying process. 

By using the scale as an analogy for the RRCA Groundwater Model, the implication is that the Model 
is operating incorrectly. This implication is totally incorrect. It implies that there is an underlying 
linear process, and that it is the failure is in the measurement tool. These implications are incorrect 
and misleading. 

The groundwater flow system of the Republican River Basin is not linearly additive, but is inherently 
nonlinear. That means that the impacts of well pumping and similar operations on streams flows are 
not directly proportional. This behavior is caused by natural processes like evapotranspiration, and the 
complex interaction of surface and groundwater. 

The RRCA Groundwater Model reasonably reflects this nonlinear behavior. The nonlinearities in the 
Model results are not a flaw in the Model, but rather a true reflection of the underlying physical 
processes. A model of the Republican River Basin which yields linear results would in fact be a poor 
approximation of the underlying nonlinear system. 

By using the scale analogy, Nebraska implies that the nonlinearities are an artifact of the RRCA 
Groundwater Model (the scale), whereas the underlying groundwater flow processes are linear (the 
weights). Nothing could be further from the truth. The nonlinearities in the Model results are a 
reasonable representation of the underlying nonlinear processes in the groundwater system. As such, 
the scale analogy is misleading and not useful. 

4.2 Using the Scale to Measure Allocation and Use 

The Nebraska scale analogy is also misleading because it suggests that an unfair bargain was struck. 
Nebraska insinuates that the failure to measure correctly is purely the result of a bad tool. As such, 
Nebraska implies that the States are not allotted their correct measure of the water in the Republican 
River Basin under the Compact. 

An important consideration, however, is that the same measure is used to not only determine the 
allotment, but also the consumptive use. The CBCU G term calculated by the RRCA Groundwater 
Model is used to calculate both the consumptive use by each State, and the Virgin Water Supply. 

Nebraska has framed the argument as a failure of the RRCA Accounting Procedures to allocate to 
Nebraska its full entitlement. However, the opposite is also true. Fully applying Nebraska's theory, 
the RRCA Accounting Procedures shows that, under Nebraska's Theory, the Accounting Procedures 
also have not attributed to Nebraska the full impact of Nebraska's actual historical consumption of 
water. 

The Virgin Water Supply can be readily calculated as the difference between a Model simulation with 
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pumping in all three states and the imported water supply turned off, and a historical Model simulation 
with all these effects on.7 The purpose of the remaining fourteen simulations is merely to allocate this 
difference among the States. 

In the scale analogy, the scale is incapable of measuring the combined weight because it is beyond the 
maximum amount that the scale can measure. In the case of the RRCA Groundwater Model, however, 
Nebraska has argued that the Model can accurately measure this full difference. In fact, the whole 
purpose of the Nebraska procedure is to make the parts add up to this difference. 

The scale analogy is therefore inappropriate because it implies that Nebraska was not allotted its due 
measure, but was charged a fair measure of use. In fact, using the RRCA approved procedure, the 
same tool was used to estimate both the groundwater components of allotment and use. The 
difficulties that arise due to the inherent nonlinear relationship between stream depletions and actions 
such as well pumping are not the result of an untrustworthy measuring device or an upper limit on the 
amount that can be measured. 

4.3 Positive and negative weights 

The scale analogy also fails because the concept of a negative weight is difficult to comprehend. In 
the case of the imported water supply from the Platte River Basin, it is necessary to consider negative 
weights (imported water supply) that offset positive weights (consumption of native water). 

One might invoke an analogy of a symmetric balance scale, where weights are placed on both the side 
being measured and the reference side, but this analogy also fails because it requires that the negative 
weight simply adds linearly to the reference weights. Such linearity does not exist in this groundwater 
system. Besides, in order for a symmetric balance scale to read incorrectly, the reference weights have 
to be crooked, which is an inappropriate insinuation. 

5. Summary and Conclusions 

The RRCA has approved a procedure for the calculation of impacts to baseflow caused by pumping in 
Colorado, Kansas and Nebraska. The procedure also specifies the method for estimating the amount 
of the Imported Water Supply. 

Nebraska demonstrated their perceived problem using examples from 2003, a year of extreme drought. 
The problem was presented in the light that the approved method underestimates the Virgin Water 
Supply. It should be noted, however, that the CBCU amounts are not only used to estimate the Virgin 
Water Supply and hence the allocation, but also is used to set the depletions for which the states are 
responsible under the Compact. 

Using the RRCA approved procedure, the depletions attributed to a State cannot exceed the amount of 
additional baseflow that can be generated by complete curtailment of all wells in the corresponding 

7 The condition with all the pumping and mound in the basin turned off is very different from the 
condition to which the Model was calibrated. The validity of such a run is therefore in question. 
However, for the sake of this argument, it is assumed that such a result would be reliable. 
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State. Under the procedure proposed by Nebraska, it has been demonstrated that the depletions 
attributed to a State can be more than two orders of magnitude greater than what can be achieved by 
complete well curtailment in that State. 

Nebraska has proposed a different procedure as "The Solution" to "The Problem". Their proposal 
uses as its justification the fact that under their proposed procedure the sum of the individual impacts 
matches the basin wide impacts. This is an incorrect conclusion. 

While the Nebraska procedure does result in no basin wide residual, it does so at the expense of 
physical realism. In essence, the method calculates a weighted average of eight differences. As 
demonstrated above, this has the effect of including impacts that did not occur and never could occur. 
Specifically, upstream states are burdened with impacts that would only have occurred had Nebraska 
never developed wells. These impacts are typically the result of streams that historically have been dry 
in large part due to pumping in Nebraska, but would have been live and therefore could have been 
depleted, had the Nebraska well pumping not occurred. Furthermore, the Nebraska procedure adjusts 
the measured gage flows for the Imported Water Supply that would have occurred had there not been 
well pumping in Nebraska. These mathematical devices may yield no basin wide residual, but have no 
basis in reality. They are simply mathematical manipUlations to achieve a desired result. 

Some of the issues raised by Nebraska are caused by the inclusion of the imported water supply in the 
CBCUG calculations, even though this is contrary to the FSS. Nebraska's proposed solution actually 
increases the amount of CBCUG attributable to imported water, but Nebraska favors this solution 
because Nebraska's burden is effectively shifted to Colorado and Kansas so that Nebraska benefits 
overall. The alternative procedure demonstrated in this report provides an effective means to exclude 
the imported water supply from the CBCUG calculations without increasing the complexity of the 
calculations or simulations. This alternate procedure provides relief to Nebraska in terms of reduced 
CBCUG due to excluding the imported water supply approximately equal in magnitude to the benefit 
that would be provided by using the Nebraska proposal. 

The scale analogy used by Nebraska to illustrate the problem is totally inappropriate. It is misleading 
in that it uses the analogy of a flawed tool with limited range to measure a linear process. The RRCA 
Groundwater Model and Accounting Procedures on the other hand deal with the complexity of an 
inherently nonlinear process, and the deviations from linearity reflect the physical reality, not a flaw in 
the tool or the analysis. 

In addition, the Nebraska proposal implicitly assumes that all model runs are equally accurate. In 
reality, any model's predictions are increasingly uncertain the further the modeled scenario deviates 
from the historical conditions to which the model was calibrated. This is true for the RRCA 
Groundwater Model as well. Nebraska's proposed procedure increases the reliance on simulations far 
removed from the historical, which increases the uncertainty in the Model's predictions. 

Finally, the procedure proposed by Nebraska is unnecessarily complex. As an example, a method was 
demonstrated that corrects for the consumption of imported water without adding any complexity to 
the current RRCA approved procedure. 

Nebraska has failed to demonstrate an imperative need for changing the procedure as approved by the 
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RRCA. To the extent that imperfections exist in the procedure approved by the RRCA, the procedure 
proposed by Nebraska's proposed procedure fails to cure these imperfections and introduces new, 
much greater flaws. As such Nebraska has failed to demonstrate that their proposed procedure is in 
any wayan improvement over the procedure currently approved by the RRCA or is otherwise 
reasonable. 
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Frenchman Creek as Modeled for July 2003 
Repub li can River Compact Administration Groundwater Model 
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Beaver Creek Mode led Ba seflow Jun e 1965 
Beaver Creek above Confluence with Sappa Cree k 
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Table lw: 2003 (acre-feet/year) 
CBC~ r- CBCii";4--;- IWS 

o 
1136 11 3 7 a 

6035 6017 

3430 3419 

648 495 

1672 1331 

1758 1758 

Table Ix: 2004 (acre-feetJyear) 
IWS 

NE Res idual 

0 

0 

NE Residu al 

Basin Resid ual 

Ja"09 NEn .;t 

-159 

o -5395 

-82 

o -5071 
18 

1381 

71 

-22 

-300 

o -1m 

o[ 
10 

14 

0 1449 

0 - 10802 

Basin Residu a l 

01 ·96 

01 G 

0 -5289 , 

0 

55 

C0000000443 

C-07



Basin 

Arikaree 

Beaver 

[~ 
jOriftwood ~ 

Frenchman 

North Fork 

I~~~~~on 196t' 

ISwanson-
IHarlan 

~ 
'Guide Rock 

Guide Rock 
11 

- Hardy 

Medicine 

Prairie Dog 

Red Willow 

Rock 

Sappa 

South Fork 

Hugh 

" Butler 

rsonny -= 
Keith 
Sebelius 

[E"nder-s -
r:-:--:--- .' -
Harlan 

Harry 
Strunk 

swanson- \) 

Mainstcm 196 

Total 11&1 

Basin 
kC 

(Arik~ l.O! 

Beaver 

[Buffalo

rOrjfh~ood 

(Frenchman 

!North Fork 
lAbOVe--
Iswanson 

I
iswanson ----:-
Harlan 

fHarlan -
!Guide ROC~ 
Gukje Rock 

CBCUC 

2770 

-1644 

·21 

77 

1273 

0 

0 

·1662 

CBCUC 

Exhibit B 
49 of 51 

CBCUK 

38 

jU 

-1974 10 0 

5-

212 lO~ 

0 ~26 5265 

0 

60 

0' 1~4 ·193 

333 

------

Table ly: 2005 (a cre-feet/yea r) 

r CBCUM 

MeA 

4906 

1302 

11345 11003 ~ 

31914 

28900 

211 2300 2801 2801 -11 

19625 19365 644 9902 

0 " 6581 656B H 48 

3762 3745 0 

-158 3 10} 2069 698 

0 342 

-43 

9644' 
o· 

34 

0 17 

-0 0 1361 

Hasln Residual 

'li 

) an09 NEnet 

0 :-:)1 

--0 0 

·5456 

0 

-729 

3' 

-35 

-
2751

1 
110 

0 

10 

0 -687 

o -13553 

-16 

o -12 

o G 

o 

C0000000444 

C-07



Basin 

iArikan; --
(Beaver 
~ 
IDriftwood 

!~renChman 
North Fork I", 

Above 
lsw3n~ 
Swanson· 
IHarlan 

Harlan -
Guide Rock 

Gu ide Rock 
- Hardy 

,.1edicine o 
PraIrie Dog 

Red Willow 0 

Rock 19 
Sappa 

!SOuth Fork 

Hugh 
Butler 

Bonny 

IKeith 
[Sebellus 

[Enders 

JHarlan ~ 

jHarry -
IStrunk 

~ 
;Mainstem 

!Tota l -

CBCUc 
Basin 

Ellhibit B 
50of 51 

Table 2a: Average 1981- 2000 (acre-feet/year) 
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Attachment 1 

Calculation of Computed Beneficial Consumptive Use 
And Imported Water Supply 

Using the RRCA Ground Water Model 

Nebraska Department of Natural Resources 

The state of Nebraska has determined that methods used to calculate Computed 
Beneficial Consumptive Use (CBCU) of water in the Nebraska portion of the Republican 
Basin have overstated the consumptive use. ImpOlted Water Supply has been incorrectly 
included as part of the Virgin Water Supply. Therefore, Imported Water Supply has been 
incorrectly included as part of the CBCU. This incorrect calculation has overstated 
Nebraska's consumptive use of water in the Republican Basin by approximately 7,000 
acre-feet per year. 

INTRODUCTION 

The Beneficial Consumptive Use ofImported Water Supply is discussed in Section IY.F. 
of the Republican River Final Settlement Stipulation, dated December 15,2002: 

Beneficial Consumptive U.se of Imported Water Supply shall not count as 
Computed Beneficial Consumptive Use or Virgin Water Supply. Credit 
shall be given for any remaining Imported Water Supply that is reflected 
in increased stream flow, except as provided in Subsection V.B. 
Determinations of Beneficial Consumptive Use from Imported Water 
SlIPP~Y (whether determined expressly or by implication), and any 
Imported Water Supply Credit shall be calculated in accordance with the 
RRCA Accounting Procedures and by using the RRCA Groundwater 
Model. 

The calculations, as they have been incorporated in the past, are written into the Final 
Settlement Stipulations, Appendix C, Section III, primarily in Subsections A, B, and D. 
Impolted water that makes its way to a stream gage may be counted as a credit. During a 
Water Short Year this credit must meet the requirements of Section V.B.2.b: 

Nebraska may offiet any Computed Beneficial Consumptive Use in excess 
of its Allocation that is derived from sources above Guide Rock with 
Imported Water Supply Credit. 1f Nebraska chooses to exercise its option 
to offset with Imported Water Supply Credit, Nebraska will receive credit 
only for Imported Water Supply that: (1) produces water above Harlan 
County Lake; (2) produces water below Harlan County Lake and above 
Guide Rock that can be diverted during the Bostwick irrigation season; 
(3) produces water that can be stored and is needed to fill Lovewell 
Reservoir; or (4) Kansas and Nebraska will explore crediting water that is 
otherwise useable by Kansas. 
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Calculations ofCBCU and ImpOlted Water Supply Page 2 of 5 

VARIABLE DESCRIPTIONS 

The acronyms or variables are used in this paper are described in Table 2. For the 
purpose of this paper, flood flows and the change in storage in Federal reservoirs are 
ignored; therefore the Computed Water Supply is the same as the Virgin Water Supply. 

Table 2. Variable Names. 
Varialll~~:1II"~Description 

Virgin Water Supply: The Water Supply within the Basin 

V undepleted by the activities of man. 

V = VWS = VGAGE + VCONSUMED 

VGAGE 
Amount of base flow at the gaged accounting points that may be 
attributed to V. 

VCONSUMED Amount of V that is depleted by Ground Water Pumping. 

Imp0l1ed Water Supply: The water supply imp0l1ed by a State 

I from outside the Basin resulting from the activities of man. 

I = lGAGE + lCONSUMED 

Amount of base flow at the gaged accounting points that may be 

lGAGE attributed to L 

lGAGE = lWS = Imported Water Supply Credit in Appendix C 

lCONSUMED Amount of I that is consumed by ground water pumping. 

Total Water Supply from ground water. 

T= 
T 

T GAGE + TCONSUMED 

And 

T = V + I 

TGAGE Total base flow at the gaged accounting points. 

TCONSUMED Total depletions to stream flow due to ground water pumping. 

EXAMPLE CALCULATIONS 

In order to demonstrate how the Mound Credit should be applied, the following example 
will use the values shown in Table 3. (These values are not related to actual values fi'om 
anyone year. ) The values shown would be in units of thousands of acre-feet (kAF). 
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Calculations ofCBCU and ImpOlted Water Supply Page 3 of 5 

The Republican River Compact Administration (RRCA) Groundwater Model is used to 
calculate the ground water base flows at key stream gages for each basin by comparing 
three model lUns as shown in Table 4. The calculations are specified in Appendix C, 
Section III of the settlement. 

Base Run On On 150 
TGAGE = VGAGE+IGAGE 

=130+20 = 150 

NoNE 
Off On 130 V GAGE 011 

No State 
T = VGAGE+ IGAGE+ TCONSUMED 

Pumping On Off 350 
= 130 + 20 + 200 

Correct Calculation of IWS. The first scenario, Mound OnlPumping On, is referred to 
as the Base Run in Appendix C. The grOlmd water base flow from the second lUn is 
subtracted fr0111 the Base Run to calculate the lmp01ted Water Supply Credit (Section 
C.IIl.A.3). 

IcAGE IWS 

[Mound OnlPumping On] - [Mound Of~Pumping On] 

T GAGE - V GAGE 

150-130=20 

This calculation is conect; it is consistent with the wording of the FSS . 
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Incorrect Calculation of CBCU. As cUlTently defined in Appendix C, the Base Run is 
subtracted from the third lUn in order to calculate the CBCU of ground water (Section 
C.IILD.l): 

CBCU [Mound OnlPumping Off] - [Mound OnlPumping On] 

T- TGAGE 

TCONSUMED 

350 - 150 = 200 

This fOlmula is inconect because it calculates the total impact of pumping on stream 
flow, which includes the consumptive use of the ImpOlied Water Supply. Instead, 
according to the FSS, the CBCU should consist only of Virgin Water Supply depleted by 
pumping. Therefore the CBCU calculation should result in VCONSUMED, the amount of 
Virgin Water Supply depleted by wells, which in this example = 150. 

This incOlTectly-defined CBCU is then used to calculate V, the Virgin Water Supply. 

Correct Calculation of CBCU. Instead of statting with calculating CBCU as described 
above, and subsequently calculating V, we should instead stmt by calculating V directly 
from a single model lUn. This more direct way to calculate V is to lUn the ground water 
model with the fOUlth option not specified in Appendix C: remove the impact of 
activities of man by tuming all the ground water pumping off and the mound recharge 
off, as shown in Table 5: 

V = VWS 

Off Off 280 V GAGE + VCONSUMED 

130 + 150 = 280 

The result from the [Mound Of~Pumping Off] model lUn is the total amount of V in the 
basin. To alTive at the correct CBCU, which is defined in the Stipulations as derived 
entirely from VWS, we need to subtract the [CREDIT, or that pOltion from the ground water 
mound that goes to the stream, from the (total) ImpOlted Water Supply to aa"ive at the 
amount of [ that is being consumed by wells in the basin. This number must then be 
subtracted from the total depletion from pumping to a111ve at the CBCU, or V CONSUMED, 

the depletion from the Virgin Water Supply. 

Altematively, we can calculate CBCUby subtracting the Virgin Water Supply at the gage 
from the modeled total Virgin Water Supply: 
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Calculations ofCBCU and Imported Water Supply 

CRCU = VCONSUMED 

V- VGAGE 

= [Mound Of~Pumping Off] - [Mound Of~Pumping On] 

= 280 - 130 = 150 

Page 5 of5 

Using the con'ect method to calculate CBCU, the basic fOlmula for calculating the Virgin 
Water Supply (which uses gage measurements rather than modeled base flows at the 
gages) remains COlTect: 

V= VWS 

= Gage + All CRCU - ]WS 

= TGAGE + VCONSUMED-]GAGE 

150 + 150 - 20 = 280 

SUMMARY 

The RRCA Accounting Procedures need to be revised as suggested in this document, so 
that they conform to the letter and spirit of the Final Settlement Stipulations, A State that 
imports water and uses it in the Republican Basin should not have that use charged as if it 
were Computed Beneficial Consumptive Use derived from the Virgin Water Supply of 
the basin, 
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1 Q Okay. The so-called 16-run proposal that's 

2 in Dr. Schneider's report is not the first proposal 

3 Nebraska developed to address its concerns about the 

4 imported water supply, is it? 

5 A No, I don't think so. 

6 Q Do you happen to recall the original 

7 proposal that Nebraska presented? 

8 A Not off the top of my head, no. 

9 Q I have a few documents. Hopefully I can 

10 refresh your recollection here. 

11 I believe this is a copy of an engineering 

12 committee report. Does this look familiar to you in any 

13 regard? 

14 MR. DRAPER: Are you marking this as an 

15 exhibit, Torn? 

16 MR. WILMOTH: If he --

17 MR. DRAPER: Not yet? 

18 MR. WILMOTH: can identify it, yeah. 

19 A So the question was, does this look 

20 familiar to me? 

21 Q (BY MR. WILMOTH) Yes. Do you typically 

22 keep--

23 A Not exactly. 

24 Q Do you participate on the engineering 

25 committee? 
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1 A No, I don't. 

2 Q You don't? Okay. 

3 I'd like to direct your attention here to 

4 the second page, bottom paragraph. Could you just read 

5 that paragraph for me? We don't need to read it out 

6 loud. 

7 A This is the one, little "iii" there? 

8 Q Yes, sir. "On June 20, 2007." 

9 (A pause occurred in the proceedings.) 

10 Q (BY MR. WILMOTH) Understanding that you 

11 haven't seen this document, does the event referenced in 

12 that paragraph ring any bells for you? 

13 A I do recall some time ago that there was 

14 one, or maybe more than one, proposal that we had 

15 reviewed, and I suspect this may have been one of them. 

16 MR. WILMOTH: Now we'll go ahead and mark 

17 that as Exhibit 3. 

18 Q (BY MR. WILMOTH) There's a reference in 

19 that paragraph to a document, which I will give you now 

20 and ask if you have seen this document, by chance. 

21 (Deposition Exhibit 3 was marked.) 

22 A Yes, I think I have seen this document. 

23 Q (BY MR. WILMOTH) Could you just generally 

24 describe your understanding of this document, what it is 

25 and when you first laid eyes on it? 
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1 MR. DRAPER: Did you mark this one as an 

2 exhibit, Tom? 

3 MR. WILMOTH: Yes. Let's go ahead and mark 

4 that Exhibit 4, please. 

5 (Deposition Exhibit 4 was marked.) 

6 A My recollection -- this is from some time 

7 ago -- that this was a description of one of the 

8 proposals at that time. That's about all I remember 

9 about it. 

10 Q (BY MR. WILMOTH) Do you recall evaluating 

11 that proposal for Kansas or working with the Kansas team 

12 to do so? 

13 A I do recall working with the Kansas team 

14 evaluating different proposals. 

15 Q Do you recall working on that particular 

16 proposal? 

17 A I believe so, yes. 

18 Q And do you recall developing a response to 

19 that proposal? 

20 A Vaguely. 

21 Q Do you recall what the Kansas response was? 

22 A Not off the top of my head, no. 

23 Q Mr. Larson, do you believe the current 

24 accounting procedures include imported water supply as 

25 part of the virgin water supply? 
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1 A My -- are you asking, do they include the 

2 imported water supply credit as part of --

3 Q Do they include imported water as part of 

4 the vlrgln water supply? 

5 A My understanding is that imported water 

6 supply credit is deducted or subtracted somehow in the 

7 calculation process of estimating the computed water 

8 supply or whatever. That's my understanding. It's 

9 deducted from the gage flow, is my understanding. 

10 Q So is your answer no, that the accounting 

11 procedures do not include imported water as part of the 

12 virgin water supply? 

13 A My understanding is that imported water 

14 supply credit is deducted from the gage flows as part of 

15 the process of estimating the water supply. 

16 Q And how do the gage flows relate to the 

17 virgin water supply? 

18 A Gage flows are among the components that 

19 are used to calculate the water supply. 

20 Q So do you know whether the imported water 

21 supply is included as part of the virgin water supply? 

22 A Well, I'm not an expert on the accounting 

23 process. My understanding is that it's subtracted from 

24 the gage flows. 

25 
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1 include imported water as part of Nebraska's CBCU, 

2 computed beneficial consumptive use? 

3 A Well, like I said, my understanding is that 

4 the imported water supply credit is deducted from the 

5 gage flows. 

6 Q So you're not sure? 

7 A Well, that's the extent of my 

8 understanding. 

9 Q Okay. Let me turn you to the top of page 4 

10 of Exhibit 4? 

11 A Is 4 this Attachment l? 

12 Q Yes. There are some figures there, and 

13 then there's a paragraph that reads, "This formula is 

14 incorrect . " 

15 Do you see that paragraph? 

16 A Yes. 

17 Q I'd like you to read that paragraph and set 

18 aside, for purposes of this question, characterizations 

19 of correctness or incorrectness. But as a factual 

20 matter, do you agree with the statements made in that 

21 paragraph; in particular, the first sentence? 

22 A I don't know if I can agree or disagree 

23 just based on what I've read here. 

24 Q Okay. Do you recall preparing any formal 

25 response to that proposal? 
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1 A I do recall participating in the 

2 preparation of a response. I'm not exactly sure if it 

3 was this proposal or not. 

4 Q Was a meeting held perhaps in September of 

5 '07 of the RRCA engineering committee to address this 

6 issue? 

7 A I don't know. 

8 Q I'm going to hand you a couple of documents 

9 here. One is an email transmitting another document and 

10 just ask if this refreshes your recollection at all. 

11 This will be Exhibit 5, collectively Exhibit 5. 

12 (Deposition Exhibit 5 was marked.) 

13 A Refresh my recollection about what? About 

14 the--

15 Q (BY MR. WILMOTH) Does this refresh your 

16 recollection as to whether Kansas ever provided a 

17 written response to the proposal I gave you earlier? 

18 A Well, it doesn't exactly refresh my 

19 recollection, but I do recall participating in the 

20 preparation of a response. I don't know exactly how it 

21 was transmitted, although this suggests it was 

22 transmitted by email. 

23 Q Is the document there, entitled "Kansas' 

24 Review of Nebraska's Request for Change in Accounting 

25 Procedures" the response you recall? 
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Assignments 

Republican River Compact Administration 
Engineering Committee Report 

August 15, 2007 

At the 2006 annual meeting of the Republican River Compact Administration, the 
Comrnissionersassigned the Engineering Committee the following tasks: 

Exhibit 
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1. Complete the user's manual for accounting procedures and provide a resolution for its 
adoption. 

2. Complete the accounting for 2006 using the preliminary infonnation provided by April 
15,2007 and the final exchange by July 15,2007. 

3. Continue to work to resolve different recharge and return flow methods. 
4. By November 15, 2006, develop a resolution regarding the Harlan County Lake 

evaporation split when only one state takes a release. 
5. Add documentation requirements of acreage retireme~t to the user's manual. 
6. Retain Principia Mathematica to perfonn maintenance of the groundwater model. 

Work activities related to these assignments 

The Engineering Committee and technical representatives from the States of Colorado, Kansas, 
and Nebraska participated in numerous collaborative work activities and phone conferences as 
well as a face-to-face meeting on July 31, 2007. The following assignments and work activities 
were completed: 

1. Complete the user's manual for accounting procedures and provide a resolution for 
its adoption - An initial draft of the users' manual was developed by Kansas' committee 
representatives in 2005. The draft consists of chapters on: 1) data sources, 2) data 
processing including the spreadsheets used by the committee, and 3) accounting results. 
As the committee envisions it, the user's manual will not repeat the accounting 
procedures nor the content of the groundwater model documentation which includes 
procedures used by each state to assemble its data for the groundwater model. 

The accounting spreadsheet includes an input page which is a listing of all the data used 
in the subsequent computations. Besides the model outputs, each input cell is the 
responsibility of one of the states, with the state of Nebraska compiling mnch of the 
federal data. The Engineering Committee representatives agreed that each state will 
develop documentation for the data it inputs into the spreadsheet noting where the data is 
obtained and how the data is processed prior to input into the spreadsheet. 

The assignment was not completed. Each state developed an outline of its data which was 
shared with the other states. The assignment should be continued next year. 

2. Complete the accounting for 2006 using the preliminary information provided by 
April 15,2007 and the final exchange by July 15, 2007. 
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a. As per the settlement's requirements, each state exchanged it model data sets and 
supporting data and other accounting data by April 15 or shortly thereafter. A 
preliminary run of the RRCA groundwater model was developed by Willem 
Schreuder and posted on the RRCA web site he maintains for the Administration. 

b. The states exchanged final model data sets and supporting data by July 15 or 
shortly thereafter. On August 9, Colorado reported that it had discovered a minor 
error in its data and as a result, Will em did an updated run which is considered 
final by the Engineering Committee. Willem posted the updated run on the RRCA 
web site and has created CD's of this final run for each of the States. 

c. Nebraska reported that in 2006 its computations relied on meter data collected by 
the Republican River basin Natural Resources Districts. Power data was used only 
outside of the Republican River boundary. New methods had to be employed to 
use the power records where part of the power service area was estimated using 
meter data and part using power data. 

d. Final data sets were collected by the Committee for streamflow, climatological 
information, diversion records, and reservoir evaporation records of the three 
states and in cooperation with the U.S. Geological Survey, U.S. Bureau of 
Reclamation, and U.S. Army Corps of Engineers for 2006. 

e. The 2006 model input and accounting data is considered final. The accounting of 
the virgin water supply, the computed water supply, and the beneficial 
consumptive uses in the Republican River Basin was not completed due to dispute 
regarding following matters: 

i. Non-federal reservoir evaporation below Harlan County Lake. Nebraska 
has noted that Section VI.A. of the Final Settlement Stipulation prescribes 
that only non-federal reservoir evaporation above Harlan County Lake 
should be included in the annual accounting. Kansas disagrees and 
believes non-federal reservoir evaporation should be included for the 
entire basin. At last year's annual meeting the matter was referred to a 
legal committee created to resolve the issue. The matter is still unresolved. 

ii. Division of Evaporative Loss from Harlan County Lake when only one 
state utilizes reservoir storage for irrigation. Kansas believes that the FSS 
and currently approved accounting procedures did not anticipate this 
condition and therefore do not provide clear and fair guidance on this split 
in this case. Nebraska believes that the current accounting methods 
clearly take into account the situation where only one state utilizes 
reservoir storage for irrigation. Last year the Administration asked the 
Engineering Committee to seek a resolution to the matter prior to 
November 15, 2006. Consensus had not been reached. See the discussion 
below for the States' positions. 

iii. On June 20, 2007, Nebraska provided the Engineering Committee with a 
proposed change in the accounting procedures and attached paper titled 
Calculation o/Computed Beneficial Consumptive Use and Imported 
Water Supply Using the RRCA Ground Water Model, which provided the 
rationale for the proposed change. While Nebraska believes that the 
current method of model runs properly calculates the mound credit, it 
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believes it improperly includes, in its consumptive use computation, some 
consumption of the imported water. 

The Committee was not able to reach consensus on these three matters. 

3. Continue to work to resolve different recharge and return flow methods - Kansas 
continues to believe that with the limitations placed on irrigation diversions in Nebraska 
in recent years, continued use of an irrigation efficiency of 80% applied to all diversions 
in Nebraska results in an overestimation of irrigation recharge. While the Engineering 
Committee had discussion on this matter, little effort was given to the assignment. The 
Engineering Committee further recommends continuing this assignment. 

4. By November 15, 2006, develop a resolution regarding the Harlan County Lake 
evaporation split when only one state takes a release. - Kansas offered a proposal by 
the November 15,2006 deadline set by the Administration for resolution of the matter. 

The Committee has not yet reached agreement. 

S. Add documentation requirements of acreage retirement to the user's manual. Both 
Colorado and Nebraska reported significant reduction in irrigation acreage estimate via 
either field work or retirement of acreage associated with incentive-based programs. 
Kansas has also had some limited retirements using such programs. Nebraska and Kansas 
have provided documentation to the other states as either GIS coverage (preferred) or a 
listing of legal tracts. The Kansas and Nebraska data is provided in sufficient detail to 
provide an opportunity for any state to determine compliance. Colorado is also working 
to collect and tabulate its data. This data could be exchanged annually and the 
requirement should be added to the accounting procedures. 

6. Retain Principia Mathematica to perform maintenance of the groundwater model. 
Each state separately contracted with Principia Mathematica for the groundwater model 
services. 

Other discussions 

In the course of the Engineering Committee's work, it was discovered that Table SB does not 
allow Kansas to use 51.1 % of any unused portion of Colorado's allocations as per Settlement 
Stipulation in the water-short year test. The Engineering Committee recommends that this 
change be made in the accounting spreadsheet. 

Recommended assignments for the coming year 

The Engineering Committee recommends the Republican River Compact Administration assign 
the following tasks to be completed by the indicated dates: 

Exhibit D 
90f19 

C-07



1. Finalize work on a user's manual for the RRCA Accounting Procedures and provide a 
recommendation to the Administration for adoption at next year's annual meeting. 

2. Exchange by April 15, 2008 the information listed in Section V of the Accounting 
Procedures and Reporting Requirements, all data required by the Republican River 
Compact accounting procedure, and use these data to complete the preliminary 
accounting of the virgin water supply, the computed water supply, and the beneficial 
consumptive uses in the Basin for the calendar year 2007. By July 15,2008 exchange any 
updates to this data to complete the final accounting of the virgin water supply, the 
computed water supply, and the beneficial consumptive uses in the Basin for the calendar 
year 2007. 

3. Continue efforts to resolve concerns related to varying methods of estimating ground and 
surface water irrigation recharge and return flows within the Republican River Basin and 
related issues. 

4. Retain Principia Mathematica to perform on-going maintenance of the ground water and 
periodic updates requested by members of the Engineering Committee for calendar year 
2007. The billable costs shall be limited to actual costs incurred, not to exceed 
$12,000.00 in total and will be apportioned in equal 113 amounts to the States of 
Colorado, Kansas, and Nebraska respectively. 

The Engineering Committee requests the Administration determine steps to resolve accounting 
disputes noted above. 

The Engineering Committee Report will be posted on the web at 
www.republicanrivercompact.org. 

Attachment 

Input page from the accounting spreadsheet 

David W. Barfield 
Engineer Committee Member for Kansas 

Megan Sullivan 
Engineer Committee Member for Colorado 

James R. Williams 
Engineer Committee Member for Nebraska 
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Attachment I 

Calculation of Computed Beneficial Consumptive Use 
And Imported Water Supply 

Using the RRCA Ground Water Model 

Nebraska Department of Natural Resources 

Exhibit s.c 

~ 

The state of Nebraska has determined that methods used to calculate Computed 
Beneficial Consumptive Use (CBCU) of water in the Nebraska portion of the Republican 
Basin have overstated the consumptive use. Imported Water Supply has been incorrectly 
included as part of the Virgin Water Supply. Therefore, Imported Water Supply has b~en 
incorrectly included as part of the CBCU. This incorrect calculation has overstated 
Nebraska's consumptive use of water in the Republican Basin by approximately 7,000 
acre-feet per year. 

INTRODUCTION 

The Beneficial Consumptive Use ofImported Water Supply is discussed in Section IV.F. 
of the Republican River Final Settlement Stipulation, dated December 15, 2002: 

Beneficial Consumptive Use of Imported Water Supply shall not count as 
Computed Beneficial Consumptive Use or Virgin Water Supply. Credit 
shall be given for any remaining Imported Water Supply that is reflected 
in increased stream flow, except as provided in Subsection v'B. 
Determinations of Beneficial Consumptive Use from Imported Water 
Supply (whether determined expressly or by implication), and any 
Imported Water Supply Credit shall be calculated in accordance with the 
RRCA Accounting Procedures and by using the RRCA Groundwater 
Model. 

The calculations, as they have been incorporated in the past, are written into the Final 
Settlement Stipulations, Appendix C, Section III, primarily in Subsections A, B, and D. 
Imported water that makes its way to a stream gage may be counted as a credit. During a 
Water Short Year this credit must meet the requirements of Section V.B.2.b: 
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Nebraska may offset any Computed Beneficial Consumptive Use in excess 
of its Allocation that is derived from sources above Guide Rock with 
Imported Water Supply Credit. If Nebraska chooses to exercise its option 
to offset with Imported Water Supply Credit, Nebraska will receive credit 
only for Imported Water Supply that: (1) produces water above Harlan 
County Lake,' (2) produces water below Harlan County Lake and above 
Guide Rock that can be diverted during the Bostwick irrigation season; 
(3) produces water that can be stored and is needed to fill Lovewell 
Reservoir,' or (4) Kansas and Nebraska will explore crediting water that is 
otherwise useable by Kansas. 
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Calculations ofCBCU and Imported Water Supply Page 2 of5 

VARIABLE DESCRIPTIONS 

The acronyms or variables are used in this paper are described in Table 2. For the 
purpose of this paper, flood flows and the change in storage in Federal reservoirs are 
ignored; therefore the Computed Water Supply is the same as the Virgin Water Supply. 

v 

V GAGE 

VCONSUMED 

I 

IGAGE 

ICONSUMED 

T 

TGAGE 

TCONSUMED 

Table 2. Variable Names. 

Virgin Water Supply: The Water Supply within the Basin 
undepleted by the activities of man. 

V = VWS = VGAGE + VCONSUMED 

Amount of base flow at the gaged accounting points that may be 
attributed to V. 

Amount of Vthat is depleted by Ground Water Pumping. 

Imported Water Supply: The water supply imported by a State 
from outside the Basin resulting from the activities of man. 

I = IGAGE + IcoNsuMED 

Amount of base flow at the gaged accounting points that may be 
attributed to L 

IGAGE = IWS == Imported Water Supply Credit in Appendix C 

Amount of I that is consumed by ground water pumping. 

Total Water Supply from ground water. 

T = T GAGE + TCONSUMED 

And 

T = V+ I 

Total base flow at the gaged accounting points. 

Total depletions to stream flow due to ground water pumping. 

EXAMPLE CALCULATIONS 

In order to demonstrate how the Mound Credit should be applied, the following example 
will use the values shown in Table 3. (These values are not related to actual values from 
anyone year.) The values shown would be in units ofthousands of acre-feet (kAF). 
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Calculations ofCBCU and Imported Water Supply Page 3 of5 

The Republican River Compact Administration (RRCA) Groundwater Model is used to 
calculate the ground water base flows at key stream gages for each basin by comparing 
three model runs as shown in Table 4. The calculations are specified in Appendix C, 
Section III of the settlement. 

Table 4. Current Model Calculations. 

Base Run On On 150 
TGAGE = VGAGE+ IGAGE 

=:130+20=150 

NoNE 
Off On 130 VGAGE 

On Off 350 T= VGAGE+IGAGE + TCONSUMED 

= 130 + 20 + 200 

Correct Calculation of lWS. The first scenario, Mound OnlPumping On, is referred to 
as the Base Run in Appendix C. The ground water base flow from the second run is 
subtracted from the Base Run to calculate the Impolted Water Supply Credit (Section 
C.m.A.3). 

IGAGE lWS 

== [Mound OnlPumping On] - [Mound Of~Pumping On] 

:::: TGAGE- VGAGE 

150 -130 = 20 

This calculation is correct; it is consistent with the wording of the FSS, 
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Calculations of CBCU and Imported Water Supply Page 4 of5 

Incorrect Calculation of CBCU. As currently defined in Appendix C, the Base Run is 
subtracted from the third run in order to calculate the CBCU of ground water (Section 
C.IILD.1): 

CBCU [Mound OnlPumping Offj - [Mound OnlPumping On] 

T- TGAGE 

TCONSUMED 

350 -150 = 200 

This formula is incorrect because it calculates the total impact of pumping on stream 
flow, which includes the consumptive use of the Imported Water Supply. I11stead, 
according to the FSS, the CBCU should consist only of Virgin Water Supply depleted by 
pumping. Therefore the CBCU calculation should result in VCONSUMED, the amount of 
Virgin Water Supply depleted by wells, which in this example:::: 150. 

This incorrectly-defined CBCU is then used to calculate V, the Virgin Water Supply. 

Correct Calculation of CBCU. Instead of starting with calculating CBCU as described 
above, and subsequently calculating V, we should instead start by calculating V directly 
from a single model run. This more direct way to calculate V is to run the ground water 
model with the fourth option not specified in Appendix C: remove the impact of 
activities of man by turning all the ground water pumping off and the mound recharge 
off, as shown in Table 5: 

T ble 5 Direct Calcuhition fV' 'n W t S ) I Usin the Ground Water Model . . 
IrJ~mp(j"rte~ ".',·· (~r,o~ut! · ·Co.I~~rat~'" ... :~;I ... ,-.. ,. 0', ,,: .. ,' . ~: 

~. ''Y,a~et ".' ~Wa!e~ . §fit!_a.m~ .·." ~~I.~~!ati~n 0 

Mt~.Mounil) _ . Ptlmpiilg '. Flow ' ~: .~.;> . _ . '. ,'.: . ',. ....; 

Off Off 280 

V= VWS 

= V GAGE + V CONSUMED 

= 130+150 =280 

The result from the [Mound Of~Pumping OffJ model run is the total amount of V in the 
basin. To arrive at the correct CBCU, which is defined in the Stipulations as derived 
entirely from VWS, we need to subtract the ICREDm or that portion from the ground water 
mound that goes to the stream, from the (total) Imported Water Supply to arrive at the 
amount of I that is being consumed by wells in the basin. This number must then be 
subtracted from the total depletion from pumping to arrive at the CBCU, 01' V CONSUMED, 

the depletion from the Virgin Water Supply. 

Alternatively, we can calculate CBCUby subtracting the Virgin Water Supply at the gage 
from the modeled total Virgin Water Supply: 
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Calculations ofCBCU and Imported Water Supply 

CBCU == VCONSUMED 

== V- VGAGE 

= [Mound Of~Pumping Off] - [Mound Of~Pumping On] 

== 280 - 130 == 150 

Page 5 of5 

Using the correct method to calculate CBCU, the basic formula for calculating the Virgin 
Water Supply (which uses gage measurements rather than modeled base flows at the 
gages) remains correct: 

V= VWS 

SUMMARY 

== Gage + All CBCU -JWS 

== TGAGE+ VCONSUMED-JGAGE 

= 150 + 150 - 20 = 280 

The RRCA Accounting Procedures need to be revised as suggested in this document, so 
that they conform to the letter and spirit of the Final Settlement Stipulations. A State that 
imports water and uses it in the Republican Basin should not have that use charged as if it 
were Computed Beneficial Consumptive Use derived from the Virgin Water Supply of 
the basin. 
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From: 
Sent: 
To: 

Cc: 

Subject: 
Attach: 

Barfield, Dave <DBARFIELD@KDA.STATE.KS.US> 
Tuesday, September 18,2007 10:02 AM 
Williams, Jim <james.williams@nebraska.gov>; Sullivan, 
Megan <Megan.Sullivan@state.co.us>; Willem Schreuder 
<willem@prinmath.com> 
Ann Bleed <ableed@dnr.state.ne.us>; Knox, Ken 
<Ken.Knox@state.co.us>; Steve Larson 
<slarson@sspa.com>; Austin, George 
<GAUSTIN@KDA.STATE.KS.US>; Dale Book 
<debook@spronkwater.com>; Perkins, Sam 
<sperkins@KDA.STATE.KS.US>; Billinger, Mark 
<MBILLINGER@KDA.STATE.KS.US>; Ross, Scott 
<SROSS@KDA.STATE.KS.US> 
***OLD ADDRESS*** RE: Nebraska proposal 
Kansas Review of Nebraska Request for Change in 
Accounting Procedure.doc 

Jim and others, 

Attached is a document that provides Kansas comments from its initial 
review of Nebraska proposal for our discussion on Thursday. 

See you then. 

David Barfield 
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Kansas' Review of Nebraska's Request for Change in Accounting Procedure 
September 18, 2007 

This memo is intended to summarize Kansas' understanding of the Nebraska's proposal for 
changing the agreed upon method of computing pumping impacts using results from the 
Republican River Compact Administration Groundwater Model (Model) and to summarize our 
initial response to the proposal. 

Nebraska believes that the calculation of pumping impacts using results from the groundwater 
model improperly includes the consumption of imported water. Nebraska argues that because 
some of the water pumped by wells is or could be water that originated from imported water, the 
consumption of that water should not be counted in determining the virgin water supply in the 
accounting process. This argument is difficult to understand since no one has ever determined 
the specific origin of groundwater that is pumped and consumed. In other words, whether the 
origin of the pumped water is from natural recharge within the Republican River basin, natural 
recharge outside the Republican River basin, stored groundwater, or imported water has never 
been determined and probably cannot be determined with any degree of reliability. 

In terms of the use of the Model to determine compliance with the Compact, however, the 
specific origin of the water that is pumped and consumed is not the determining factor. The only 
question with respect to the Model's result s that affect compact compliance is the extent to 
which activities in a state, either pumping or importation of water, affect base flow in the 
Republican River. To the extent these activities affect base flows in the river, they must be 
counted. In other words, it is not the source of water that counts, but the depletion or accretion to 
base flow that is associated with the activity that determines the amount of impact that must be 
considered in the compact accounting process. This concept is precisely what is included in the 
Accounting Procedures adopted by the Settlement and what the special master based his rulings 
on in determining that those effects to stream flows in the Republican River are regulated by the 
compact. As it is stated in the Final Report of the Special Master's With Certification of 
Adoption of Republican River Compact Administration Groundwater Model, September 2003: 
" ... the RRCA Groundwater Model which would, for use in the accountingformulasfor 
administering the Republican River Compact, determine both streamflow depletions caused by 
groundwater pumping and streamflow accretions resultingfrom recharge by imported water" 
(Page 1). It is clear that only quantification that is relevant to the compact accounting is the 
depletion or accretion to Republican River stream flow. 

The quantification of depletion or accretion to Republican River base flow is not limited to 
activities that are solely within the boundaries of the Republican River Basin. Recharge from 
imported water can cause accretion to Republican River base flow even if the recharge occurs 
outside the boundary of the basin. To the extent that such recharge provides accretions to 
Republican River base flow, it is counted in the accounting process. Similarly, pumping from 
locations outside the basin can cause depletions to Republican River base flow. To the extent 
that such pumping causes depletions to base flow, it is counted in the accounting process. Thus 
both positive effects (accretions) and negative effects (depletions) on Republican River base 
flows caused by activities outside the physical boundaries of the basin are treated equally. 
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In order to provide this quantification using the groundwater model, it was agreed in the 
settlement that the impact of each state's pumping or water importation would be determined by 
comparing the model-computed historical base flow condition to the model-computed base flow 
condition without that activity. The states recognized that the sum of the impacts of these 
individual activities would not necessarily exactly equal the model-computed impact of all of the 
activities considered simultaneously. If the groundwater model were mathematically linear, it 
would, in fact, be the case that the sum of the individual affects would equal the affect 
determined by considering all of the activities simultaneously. However, because the 
groundwater model is mildly non-linear, this mathematical equality does not occur. 

It should be noted that if the impact of all activities considered simultaneously were used, it 
would be necessary to have a method for apportioning the impact among the various activities. 
Such a process was considered unnecessaty and it was agreed that the impacts from each state's 
activity would be computed separately in spite of the fact that the sum of those impacts may not 
exactly equal the impact of all activities considered simultaneously. 

Nebraska has proposed an alternative method of computing the impacts associated with each 
state's activity. This alternative has been proposed to conect what they see as an inappropriate 
accounting of consumed water. While the connection between Nebraska's proposed alternative 
accounting method and their concept of what water is actually consumed is far from apparent, we 
have evaluated the merits of this alternative method regardless of its basis. 

The ultimate goal of the RRCA Groundwater Model is to provide a measure of what base flows 
would have been if the States had not pumped groundwater or recharged imported water. That 
overall measure could be determined by comparing the model-computed historical stream flows 
to the model-computed stream flows with all pumping and recharge of imported water removed 
from the analysis (herein refened to as the "virgin water supply metric"). This measure gives us 
the total impact on stream flows caused by the States' pumping and the recharge of imported 
water. As described above, however, this result does not apportion the impact among the States. 
Conceptually, the condition with no pumping and no impOlied water represents what the stream 
flows would have been if none of this activity had occurred. In that sense, it represents a "virgin 
water supply" condition with respect to the modeled elements of the groundwater model and 
their impact on Republican River stream flows. 

This measure does provide a metric for comparing the accounting method agreed to in the 
settlement with Nebraska's alternative accounting proposal. It is a relatively straightforward 
process to add up the impacts using the accounting method agreed to in the settlement or to add 
up the impacts from Nebraska's alternative accounting proposal and compare those totals to the 
virgin water supply metric described above. If the Nebraska alternative accounting proposal 
provides a better approximation of this metric, it is WOlihy of fuliher consideration. 

Our calculations, as summarized in the table below, show that the accounting agreed to in the 
settlement provides a better approximation of the virgin water supply metric than the Nebraska 
proposed accounting method. The table shows that the accounting agreed to in the settlement 
results in both positive and negative annual differences from the virgin water supply metric. The 
resultant average for the years 1990 - 2000, the last ten years of the calibration of the model is -
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150 acre-feet. For the last six years, 2001-2006, the average difference is 2,053 acre-feet. The 
Nebraska alternative accounting proposal departs significantly further from the virgin water 
supply metric than the accounting method agreed to in the settlement, has a negative bias, and for 
the period studied is increasing. 

It remains our view, based on our understanding of the agreement ofthe States at the time of the 
settlement and these results, that the current accounting methods are appropriate. 

Table: Comparison of total impacts under adopted procedures and as proposed by Nebraska 
versus the virgin water supply metric. 
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Year 

1990 
1991 
1992 
1993 
1994 
1995 
1998 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

Averages: 
1990-
2000 
1990-
2006 

2001· 
2006 

Virgin 
Water 
Supply 
Metric 

180542 
200582 
206037 
213153 
188954 
219075 
229586 
208878 
210089 
230055 
203222 
236771 
196546 
221307 
231704 
237802 
219356 

208198 

213745 

223914 

Compact Nebraska 
Method Proposed 

Total Alternative 

176749 170646 
200424 191432 
204478 195938 
210926 212593 
194203 186345 
220673 213807 
228517 228167 
212nO 202992 
208778 200587 
231109 222053 
199934 192856 
230905 221333 
195685 183123 
228528 210485 
237594 219651 
240969 224287 
222122 204589 

208047 201583 

214372 204758 

225967 210578 

Difference Difference 
[Compact [Nebraska 
Method Proposal-

- Metric] Metric] 

-3793 -9896 
-158 -9150 

-1559 -10099 
-2227 -560 
5249 -2609 
1598 -5268 

-1069 -1419 
3852 -5886 

-1311 -9502 
1054 -8002 

-3288 -10366 
-5866 -15438 

-861 -13423 
7221 ·10822 
5890 -12053 
3167 -13515 
2766 -14767 

-150 -6614 

627 -8987 

2053 -13336 
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From: 
Sent: 
To: 

Cc: 

Subject: 
Attach: 

Barfield, Dave <DBARFIELD@KDA.STATE.KS.US> 

Tuesday, September 18,2007 10:02 AM 
Williams, Jim <james.williams@nebraska.gov>; Sullivan, 
Megan <Megan.Sullivan@state.co.us>; Willem Schreuder 
<willem@prinmath.com> 
Ann Bleed <ableed@dnr.state.ne.us>; Knox, Ken 
<Ken.Knox@state.co.us>; Steve Larson 
<slarson@sspa.com> ; Austin, George 
<GAUSTIN@KDA.STATE.KS.US>; Dale Book 
<debook@spronkwater.com>; Perkins, Sam 
<sperkins@KDA.STATE.KS.US>; Billinger, Mark 
<MBILLINGER@KDA.STATE.KS.US>; Ross, Scott 
<SROSS@KDA.STATE.KS.US> 
***OLD ADDRESS*** RE: Nebraska proposal 
Kansas Review of Nebraska Request for Change in 
Accounting Procedure. doc 

Jim and others, 

Attached is a document that provides Kansas comments from its initial 
review of Nebraska proposal for our discussion on Thursday. 

See you then. 

David Barfield 
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~amHls' Review of Nebraska's Request for Change in Accounting Procedure 
September 18, 2007 

This memo is intended to summarize Kansas' understanding of the Nebraska's proposal for 
changing the agreed upon method of computing pumping impacts using results from the 
Republican River Compact Administration Groundwater Model (Model) and to summarize our 
initiall'esponse to the proposal. 

Nebraska believes that the calculation of pumping impacts using results from the groundwater 
model improperly includes the consumption of imported water. Nebraska argues that because 
some of the water pumped by wells is or could be water that originated from imported water, the 
consumption of that water should not be counted in determining the virgin water supply in the 
accounting process. This argument is difficult to understand since no one has ever determined 
the specific origin of groundwater that is pumped and consumed. In other words, whether the 
origin of the pumped water is from natural recharge within the Republican River basin, natural 
recharge outside the Republican River basin, stored groundwater, or imported water has never 
been determined and probably cannot be determined with any degree of reliability. 

In terms ofthe use of the Model to determine compliance with the Compact, however, the 
specific origin of the water that is pumped and consumed is not the determining factor. The only 
question with respect to the Model's result s that affect compact compliance is the extent to 
which activities in a state, either pumping or importation of water, affect base flow in the 
Republican River. To the extent these activities affect base flows in the river, they must be 
counted. In other words, it is not the source of water that counts, but the depletion or accretion to 
base flow that is associated with the activity that determines the amount of impact that must be 
considered in the compact accounting process. This concept is precisely what is included in the 
Accounting Procedures adopted by the Settlement and what the special master based his rulings 
on in determining that those effects to stream flows in the Republican River are regulated by the 
compact. As it is stated in the Final Report of the Special Master's With Certification of 
Adoption of Republican River ComQact Administration Groundwater Model, September 2003: 
" ... the RRCA Groundwater Model which would,jor use in the accountingjormulasjor 
administering the Republican River Compact, determine both streamflow depletions caused by 
groundwater pumping and streamflow accretions resulting from recharge by imported water" 
(Page I). It is clear that only quantification that is relevant to the compact accounting is the 
depletion or accretion to Republican River stream flow. 

The quantification of depletion or accretion to Republican River base flow is not limited to 
activities that are solely within the boundaries of the Republican River Basin. Recharge from 
imported water can cause accretion to Republican River base flow even if the recharge occurs 
outside the boundary of the basin. To the extent that such recharge provides accretions to 
Republican River base flow, it is counted in the accounting process. Similarly, pumping from 
locations outside the basin can cause depletions to Republican River base flow. To the extent 
that such pumping causes depletions to base flow, it is counted in the accounting process. Thus 
both positive effects (accretions) and negative effects (depletions) on Republican River base 
flows caused by activities outside the physical boundaries of the basin are treated equally. 
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In order to provide this quantification using the groundwater model, it was agreed in the 
settlement that the impact of each state's pumping or water importation would be determined by 
comparing the model-computed historical base flow condition to the model-computed base flow 
condition without that acti vity. The states recognized that the sum of the impacts of these 
individual activities would not necessarily exactly equal the model-computed impact of all of the 
activities considered simultaneously. If the groundwater model were mathematically linear, it 
would, in fact, be the case that the sum of the individual affects would equal the affect 
determined by considering all of the activities simultaneously. However, because the 
groundwater model is mildly non-linear, this mathematical equality does not occur. 

It should be noted that if the impact of all activities considered simultaneously were used, it 
would be necessary to have a method for apportioning the impact among the various activities. 
Such a process was considered unnecessary and it was agreed that the impacts from each state's 
activity would be computed separately in spite of the fact that the sum of those impacts may not 
exactly equal the impact of all activities considered simultaneously. 

Nebraska has proposed an alternative method of computing the impacts associated with each 
state's activity. This alternative has been proposed to correct what they see as an inappropriate 
accounting of consumed water. While the connection between Nebraska's proposed alternative 
accounting method and their concept of what water is actually consumed is far from apparent, we 
have evaluated the merits of this alternative method regardless of its basis. 

The ultimate goal of the RRCA Groundwater Model is to provide a measure of what base flows 
would have been if the States had not pumped groundwater or recharged imported water. That 
overall measure could be determined by comparing the model-computed historical stream flows 
to the model-computed stream flows with all pumping and recharge of imported water removed 
from the analysis (herein referred to as the "virgin water supply metric"). This measure gives us 
the total impact on stream flows caused by the States' pumping and the recharge of imported 
water. As described above, however, this result does not apportion the impact among the States. 
Conceptually, the condition with no pumping and no imported water represents what the stream 
flows would have been if none 0 f this activity had occurred. In that sense, it represents a "virgin 
water supply" condition with respect to the modeled elements of the groundwater model and 
their impact on Republican River stream flows. 

This measure does provide a metric for comparing the accounting method agreed to in the 
settlement with Nebraska's alternative accounting proposal. It is a relatively straightforward 
process to add up the impacts using the accounting method agreed to in the settlement or to add 
up the impacts from Nebraska's alternative accounting proposal and compare those totals to the 
virgin water supply metric described above. If the Nebraska alternative accounting proposal 
provides a better approximation of this metric, it is worthy of further consideration. 

Our calculations, as summarized in the table below, show that the accounting agreed to in the 
settlement provides a better approximation of the virgin water supply metric than the Nebraska 
proposed accounting method. The table shows that the accounting agreed to in the settlement 
results in both positive and negative annual differences from the virgin water supply metric. The 
resultant average for the years 1990 - 2000, the last ten years of the calibration of the model is -
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150 acre-feet. For the last six years, 2001-2006, the average difference is 2,053 acre-feet. The 
Nebraska alternative accounting proposal departs significantly further from the virgin water 
supply metric than the accounting method agreed to in the settlement, has a negative bias, and for 
the period studied is increasing. 

It remains our view, based on our understanding of the agreement of the States at the time of the 
settlement and these results, that the current accounting methods are appropriate. 

Table: Comparison of total impacts under adopted procedures and as proposed by Nebraska 
versus the virgin water supply metric. 
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Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

Averages: 
1990-
2000 

1990-
2006 

2001· 
2006 

Virgin 
Water 
Supply 
Metric 

180542 
200582 
206037 
213153 
188954 
219075 
229586 
208878 
210089 
230055 
203222 
236771 
196546 
221307 
231704 
237802 
219356 

208198 

213745 

223914 

Compact Nebraska 
Method Proposed 
Total Alternative 

176749 170646 
200424 191432 
204478 195938 
210926 212593 
194203 186345 
220673 213807 
228517 228167 
212730 202992 
208778 200587 
231109 222053 
199934 192856 
230905 221333 
195685 183123 
228528 210485 
237594 219651 
240969 224287 
222122 204589 

208047 201583 

214372 204758 

225967 210578 

Difference Difference 
[Compact [Nebraska 
Method Proposal-

- MetriC] Metric] 

-3793 -9896 
-158 -9150 

-1559 -10099 
-2227 -560 
5249 -2609 
1598 -5268 

-1069 -1419 
3852 -5886 

-1311 -9502 
1054 -8002 

-3288 -10366 
-5866 -15438 

-861 -13423 
7221 -10822 
5890 -12053 
3167 -13515 
2766 -14767 

-150 -6614 

627 -8987 

2053 -13336 
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ANSWER 

The State of Nebraska ("Nebraska"), Defendant, pursuant to Case Management Order 

No.1, for its answer to the Petition filed by the State of Kansas ("Kansas"), Plaintiff, states: 

1. Nebraska admits the averments set forth in Paragraph 1 of the Petition. 

2. Nebraska admits the averments set forth in the first sentence of Paragraph 2 of 

the Petition. Nebraska denies the remaining avelments of Paragraph 2 of the Petition. 

3. Nebraska admits the averments set forth in Paragraph 3 of the Petition. 

4. Nebraska admits the averments set forth in the first sentence of Paragraph 4 of the 

Petition. Nebraska denies the remaining averments contained in Paragraph 4 of the Petition. 

5. Nebraska admits the averments set forth in Paragraph 5 of the Petition. 

6. Nebraska admits the averments set f011h in Paragraph 6 of the Petition to the 

extent the Republican River Compact Administration ("RRCA") is composed of three 

commissioners, one from each state. Nebraska denies the remaining averments contained in 

Paragraph 6. 

7. Nebraska admits the avelments set forth in Paragraph 7 of the Petition to the 

extent that beginning in the 1980s and continuing into the 1990s, Kansas complained to the 

RRCA that Nebraska's increasing groundwater development was causing violations of the 

Compact. Nebraska denies the remaining avelments contained in Paragraph 7. 

8. Nebraska denies the avennents contained in Paragraph 8 of the Petition. 

9. Nebraska denies the avelments contained in Paragraph 9 of the Petition. 

10. Nebraska admits the avelments contained in Paragraph 10 of the Petition. 

11. Nebraska admits the averments contained in Paragraph 11 of the Petition to the 

extent that Kansas filed a Motion for Leave to File Bill of Complaint with the United States 
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Supreme COUlt in 1998, that the motion was granted, and that Nebraska was allowed to file a 

motion to dismiss. Nebraska denies the remaining avelments contained in Paragraph 11. 

12. Nebraska admits the averments contained in Paragraph 12 of the Petition. 

13. Nebraska admits the avelments contained in Paragraph 13 of the Petition. 

14. Nebraska admits the averments contained in Paragraph 14 of the Petition to the 

extent that Colorado is also bound by the Decree. The remaining averments contained in 

Paragraph 14 state a legal position to which Nebraska is not required to respond. 

15. Nebraska denies the averments contained in Paragraph 15 of the Petition to the 

extent it asselts the Final Settlement Stipulation ("FSS") resolved "many details of Compact 

interpretation that othelwise would likely have been the subject of litigation among the States." 

Nebraska admits the remaining averments of Paragraph 15. 

16. Nebraska denies the averments contained in Paragraph 16 of the Petition to the 

extent it asserts that each and evelY year, Nebraska is required to comply in the same year with 

more than one of the tests set forth in the FSS. Nebraska admits the remaining avelments 

contained in Paragraph 16. 

17. Nebraska denies the avelments contained in Paragraph 17 of the Petition. 

18. Nebraska denies the avelments contained in Paragraph 18 of the Petition. 

19. Nebraska denies the averments as they are stated in Paragraph 19 of the Petition. 

20. Nebraska denies the averments contained in Paragraph 20 ofthe Petition. 

21. Nebraska denies the averments contained in Paragraph 21 of the Petition. 

22. Nebraska denies the averments contained in Paragraph 22 of the Petition. 

23. Nebraska denies the avelments contained in Paragraph 23 of the Petition. 

24. Nebraska denies the averments contained in Paragraph 24 of the Petition. 
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25. Nebraska denies the avelments contained in Paragraph 25 ofthe Petition. 

26. Nebraska denies the avelments contained in Paragraph 26 of the Petition. 

27. Nebraska denies the avelments contained in Paragraph 27 of the Petition. 

28. Nebraska admits the avelments contained in Paragraph 28 of the Petition. 

29. Nebraska denies any and all averments in Paragraphs 1, 2, 3, 4, 5, 6, 7, and 8 of 

the "Prayer" contained in the Petition. 

AFFIRMATIVE DEFENSES 

30. Nebraska incorporates each and evelY admission, denial, and averment made by 

Nebraska in Paragraphs 1 through 29 as thoroughly set forth herein. Nebraska asselis separately 

and/or alternatively, even if inconsistent, the following affirmative defenses: 

FIRST AFFIRMATIVE DEFENSE (Ripeness) 

31. At the conclusion of the arbitration leading to these proceedings, the Arbitrator 

indicated that Nebraska's dry year provisions might be inadequate to avoid a future Compact 

violation during prolonged drought conditions. 

32. Since the arbitration was completed, Nebraska has adopted new dlY year 

provisions and forecasting procedures. 

33. The present my year provisions and forecasting procedures will avoid a future 

Compact violation. 

34. No violation has OCCUlTed under the present dlY year provisions. 

35. No future violation is presently identifiable. 

36. Any allegation that such violation is likely in the future is wholly speculative. 

37. Kansas' claims are barred, in whole or in paIi, because they are not ripe. 
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SECOND AFFIRMATIVE DEFENSE (Failure to Exhaust Remedies) 

38. Article VII of the FSS requires that all Issues be presented to the RRCA for 

attempted resolution. 

39. If no resolution is available, the States are required to engage in non-binding 

arbitration before pursuing resolution of any outstanding issue before this COUli. 

40. At the conclusion of the arbitration leading to these proceedings, the Arbitrator 

indicated that Nebraska's dry year provisions might be inadequate to avoid a future Compact 

violation during prolonged drought conditions. 

41. After the arbitration was completed, Nebraska adopted new dlY year provisions 

and forecasting procedures. 

42. Nebraska offered to discuss these new dlY year provisions with Kansas to explain 

how such provisions will avoid a future Compact violation. 

43. Kansas has never presented any concerns about the new dry year provisions to the 

RRCA for attempted resolution. 

44. Kansas' claims are barred, in whole or in part, by Kansas' failure to exhaust all 

administrative remedies as required by the FSS. 

THIRD AFFIRMATIVE DEFENSE (Unclean Hands) 

45. The existing Accounting Procedures employed by the RRCA fail to reflect hue 

impacts of consumption on the River. 

46. Kansas has prevented changes to the RRCA Accounting Procedures that would 

better reflect the hue impact of consumption and better estimate the extent of Nebraska's alleged 

violation of the Compact. 

47. Kansas has unilaterally applied an interpretation of how to account for 

evaporation from Harlan County Lake that is not supPOlied by the FSS. 
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48. The calculations of Nebraska's ovelUse alleged by Kansas are atiificially inflated 

by Kansas' continued adherence to Accounting Procedures that do not reflect the tlUe impact of 

consumption on the River and its interpretation of how to account for evaporation from Harlan 

County Lake. 

49. Kansas claims are batTed, in whole or in part, by the doctrine of unclean hands. 

FOURTH AFFIRMATIVE DEFENSE (Mistake) 

50. An accurate calculation of Virgin Water Supply and Computed Beneficial 

Consumptive Use is required to achieve a scientifically sound result, supportive of the purposes 

of the Compact. 

51. Such result is necessaty to ensure each State receives the water to which it is 

entitled under the Compact and no more. 

52. The present Accounting Procedures adopted as pati of the FSS fail to calculate the 

true impact of consumption on the River, undermining the integrity of the Compact. 

53. This failure is contraty to the understanding of, and was unforeseen to the States 

at the time they adopted the FSS and Accounting Procedures. 

54. Kansas claims are batTed, in whole or in part, by mistake. 

FIFTH AFFIRMATIVE DEFENSE (Waiver/Release) 

55. The States agreed to the telms of the FSS to settle outstanding claims of issues 

known at the time of the settlement. 

56. The FSS expressly states that 2006 will be the first year in which its terms may be 

enforced. 

57. Kansas agreed to waive its claims for damages (and to release Nebraska from the 

same) that might arise from ovelUse of allocations that might occur during the three-year period 

postdating the FSS. 
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58. During this three-year period, in reliance on the FSS, Nebraska undertook 

substantial reorganization of its legal and regulatOlY regime expressly to implement the FSS. 

59. Kansas made its waiver knowing Nebraska required time to reorganize its legal 

and regulatOlY regime expressly to implement the FSS. 

60. Kansas' claims for damages arising from alleged non-compliance with the FSS in 

2005 are baITed, in whole or in part, by waiver and/or release. 

SIXTH AFFIRMATIVE DEFENSE (Intervening Acts and Omissions) 

61. The State of Colorado has, for a number of years, violated the Compact and the 

FSS by using more water than it was allocated. 

62. Colorado's actions diminished the flow of the River as it enters Nebraska. 

63. The reduction of flow into the State of Nebraska affected water operations in 

Nebraska and resulted in a reduction in the amount of water available to Kansas. 

64. Kansas' claims are balTed, in whole or in part, by the intervening actions of the 

State of Colorado. 

SEVENTH AFFIRMATIVE DEFENSE (Non-Party) 

65. The State of Colorado has, for a number of years, violated the Compact and the 

FSS by using more water than it was allocated. 

66. Colorado's actions diminished the flow of the River as it enters Nebraska. 

67. The reduction of flow into the State of Nebraska affected water operations in 

Nebraska and resulted in a reduction in the amount of water available to Kansas. 

68. The injuries or damages of which Kansas complain were caused in whole or in 

part by non-parties whom plaintiffs have failed to claim against in this action. 
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EIGHTH AFFIRMATIVE DEFENSE (Contribution) 

69. The State of Colorado has, for a number of years, violated the Compact and the 

FSS by using more water than it was allocated. 

70. Colorado's actions diminished the flow of the River as it enters Nebraska. 

71. The reduction of flow into the State of Nebraska affected water operations in 

Nebraska and resulted in a reduction in the amount of water available to Kansas. 

72. Any harm alleged can be attributed to several causes and the damages for this 

harm, if any, should be apportioned among the various causes according to the contribution of 

each cause to the harm sustained. 

NINTH AFFIRMATIVE DEFENSE (Moot) 

73. At the conclusion of the arbitration leading to these proceedings, the Arbitrator 

indicated that Nebraska's dry year provisions might be inadequate to avoid a future Compact 

violation during prolonged drought conditions. 

74. Since the arbitration was completed, Nebraska has adopted new city year 

provisions and forecasting procedures. 

75. The present dry year provisions and forecasting procedures will avoid a future 

Compact violation. 

76. The alleged threat of future non-compliance with the Compact has been removed, 

and Kansas cannot be injured thereby. 

77. Kansas' claims are barred, in whole or in part, because they are moot. 

TENTH AFFIRMATIVE DEFENSE (Failure to State Claim) 

78. Kansas has failed to state a claim upon which relief may be granted. 

ELEVENTH AFFIRMATIVE DEFENSE (Failure to Mitigate) 

79. Kansas has failed, in whole or in part, to mitigate its alleged damages. 
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TWELFTH AFFIRMATIVE DEFENSE (Setoff) 

80. To the extent Kansas or its individual water users have been compensated for the 

hann or damages alleged by Kansas from other persons or entities, the amount of any such 

compensation should be set off against any recovelY Kansas might receive in this action. 

NOTICE OF ADDITIONAL AFFIRMATIVE DEFENSES 

81. Nebraska hereby gives notice that it intends to rely upon such other affilmative 

defenses as may become available or apparent during the course of discovery and thus reserves 

the right to amend its Answer to asseli such defenses. 

----+----
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AMENDED COUNTERCLAIMS 

Pursuant to FED. R. CrV. P. 8 and 13, Nebraska asserts the following counterclaims 

against Kansas, even if found to be alternative to or inconsistent with Nebraska's other claims or 

defenses in this action, stating and alleging as follows: 

JURISDICTION AND VENUE 

1. Jurisdiction and venue are proper before this court pursuant to art. III, § 2, cl. 2 of 

the Constitution of the United States in conjunction with 28 U.S.C. § 1251(a) for the reason that 

this is a controversy between two or more states . 

• ---- ----

HISTORY OF EVENTS 

2. The Republican River Compact ("Compact") annually appOltions the "virgin 

water supply" ("VWS") of the Republican River Basin among the States of Colorado, Kansas, 

and Nebraska. 

3. Alticle II of the Compact defines the VWS "to be the water supply within the 

Basin undepleted by the activities of man." The Compact does not provide a fonnula or 

accounting procedures by which the States can detennine the VWS. 

4. An accurate calculation of the VWS is essential in order to achieve the purposes 

of the Compact and for each of the States to receive the water to which it is entitled. 

5. In the late 1950s, the Republican River Compact Administration ("RRCA") was 

created by the States, in part, to annually calculate the VWS for apportionment purposes. 
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6. The RRCA issued its First RepOli in 1961 containing the accounting for the prior 

year. 

7. By the time the First RepOli was issued, the States had unanimously agreed to an 

accounting procedure to determine the VWS. 

8. In the late 1980s and into the 1990s, Kansas expressed dissatisfaction with the 

accounting procedures and proposed changes to the procedures to include the impact to 

streamflow resulting from the use of non-alluvial groundwater. Kansas' proposed changes were 

rejected by the other States. 

9. In 1999, Kansas was granted leave to file its Bill of Complaint with the Supreme 

COUli to, among other things, force the adoption of accounting procedures to include the impact 

to streamflow caused by non-alluvial wells. 

10. Nebraska shOlily thereafter filed an Answer and Counterclaims, without leave 

from the COUli. Kansas responded with a Motion to Strike Nebraska's Counterclaims. 

11. After briefing, the Supreme COUli denied the Kansas Motion to Strike and 

referred the case to Special Master Vincent McKusick. 

12. In his First Repoti, Special Master McKusick concluded that the meaning of 

VWS within the Compact required the accounting of the impacts to streamflow caused by the 

use of non-alluvial groundwater. 

13. Special Master McKusick followed with several other mlings prompting the 

States to engage in settlement discussions. 

14. In 2003, the States entered into the Final Settlement Stipulation ("FSS") and 

resolved issues remaining at that time. 
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15. Pursuant to the FSS, a groundwater model and accounting procedures were 

collaboratively developed by the States. The Accounting Procedures are attached to the FSS as 

Appendix C. 

16. The groundwater model is a mathematical model that provides a calculation ofthe 

baseflow in the Republican River and its tributaries under conditions including or excluding 

groundwater use in each state and the recharge of impOlied water from the Platte River Basin in 

Nebraska. 

17. The Accounting Procedures use the output from the groundwater model along 

with surface water data to calculate the VWS, each State's allocation, and detemnne their 

respective Beneficial Consumptive Use. 

18. Like the Compact itself, a goal of the accounting established by the FSS is to 

estimate the total water supply and identify the true impact of consumption on the Republican 

River and its sub-basins. 

19. As explained by Special Master McKusick in his Second RepOli: "To make the 

required determinations, the RRCA will adopt and use the Groundwater Model, wllich matches 

as closely as possible the actual effects of both alluvial and table-land groundwater pumping on 

stream flow in the Basin." Second RepOli at 37. 

PRESENT CONTROVERSY 

Proposed Refinement of CBCU Calculations 

20. In 2006-2007, Nebraska identified a significant discrepancy in the accounting 

steps used for determining the "Computed Beneficial Consumptive Use" ("CBCU") for 

groundwater and the Imported Water Supply Credit. 

21. To address the discrepancy, Nebraska developed a change to the FSS Accounting 

Procedures without changing the groundwater model. Nebraska presented the CBCU issue and 
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its proposed solution to the RRCA's Engineering Committee in 2007. Kansas' representatives 

on the Engineering Committee acknowledged that the existing CBCU calculation method might 

not reflect the true impact of consumption on the River and offered specific criticisms to 

Nebraska's proposed solution. Specifically, the Kansas representatives stated that Nebraska's 

proposal failed to meet the Virgin Water Supply Metric ("VWS Metric"). 

22. In response to the Kansas criticism, Nebraska next refined its solution so that it 

would satisfY the VWS Metric. Nebraska thereafter presented its refined solution to the RRCA 

for adoption into the FSS Accounting Procedures. Kansas, however, rejected Nebraska's 

solution without elaboration. 

23. The arbitrary sequence of the CUlTent FSS Accounting Procedures provides results 

that violate simple mathematical principles. Nebraska's proposed solution addresses the 

shortcomings of the CUlTent sequence of groundwater model simulations required by the current 

FSS Accounting Procedures. The CUlTent FSS Accounting Procedures produce estimates of the 

individual impacts of the three states pumping and the ImpOlied Water Supply and assumes the 

sum of these individual values represents the combined impact of these stresses. However, the 

combined impact of the three States' groundwater pumping and ImpOlied Water Supply can be 

independently deteITnined by comparing two model runs: one that includes all stresses on and 

one with all stresses off. Comparison of the results of this run with the individually derived 

values from the CUlTent Accounting Procedures shows that they do not equal. This test, which 

the CUlTent Accounting Procedures fail, is identical to the VWS Metric that Kansas previously 

proposed. 

24. The magnitude of this discrepancy varies from year-to-year depending on climatic 

changes. In recent drought years it has been approximately 10,000 acre-feet per year in tenTIS of 
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Nebraska's final balance in the Compact accounting. It is reasonable to expect that the 

magnitude of this discrepancy will equal or exceed this value in future drought years, and could 

average close to this value over the long-term, including drought and non-drought years. 

25. COl1'ecting this discrepancy is not always advantageous to Nebraska. However, 

Nebraska's proposed solution addresses the arbitrmy nature of the CUlTent FSS Accounting 

Procedures by considering all potential methods for determining each state's impact due to 

pumping and ImpOlied Water Supply Credit. The proposed method is preferable to the existing 

method because it more accurately reflects the impact of each state's pumping and the Imported 

Water Supply, ensuring a more accurate calculation of the VWS. 

26. This observed discrepancy is significantly greater during years subsequent to 

2000 than it was in prior years. The observed magnitude of this discrepancy in recent years 

count not have been anticipated at the time the FSS was signed. 

27. The discrepancy must be addressed to maintain scientific and mathematical 

integrity and to ensure Compact entitlements are fully protected. 

Kansas' View of Harlan County Lake Evaporation 

28. An additional, distinct accounting dispute arose when Kansas unilaterally applied 

a change to the provisions of the FSS relating to the calculation of evaporation from Harlan 

County Lake. 

29. Section IV.A.2.e.1 of Appendix C in the FSS provides: "The total annual net 

evaporation (Acre-feet) will be charged to Kansas and Nebraska in propoliion to the annual 

diversions made by Kansas Bostwick Inigation District and the Nebraska Bostwick Irrigation 

District during the time period each year when ilTigation releases are being made from Harlan 

County Lake." 
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30. In 2006, Nebraska compensated the Nebraska Bostwick ItTigation District 

("District") in exchange for the District's commitment to forgo its diversion of natural flow and 

its use of water stored in Harlan County Lake. 

31. This transaction was completed in an effort to reduce Nebraska's consumption 

and comply with the Compact. 

32. The water not diverted by the District was available for use by Kansas and was 

not consumed by the District or any other user in Nebraska. 

33. Subsequently, Kansas asserted Nebraska should be charged with evaporation 

losses proportionate to the amount of water the District agreed to forego. 

34. Kansas maintains that Nebraska's CBCU for 2006 should be increased by 

approximately 8,000 acre-feet as a result of the evaporation loss. 

IMPACT OF THE PRESENT CONTROVERSY 

35. The States' inability to agree on these two accounting issues precludes the RRCA 

from conducting the tasks assigned it under the Compact and the FSS. 

36. Because the accounting cannot be finalized, the RRCA cannot definitively 

determine annual allocations or CBCU. 

37. Because the accounting cannot be finalized, the RRCA cannot definitively 

detennine whether any state has in fact complied with, or violated, any provision of the Compact 

or the FSS. 

38. Kansas' actions continue to render the Compact and FSS functionally invalid and 

pose a continuing challenge to Nebraska's water management effolis. 

39. Without knowing what the actual accounting is, Nebraska must manage its 

pOliion of the Basin in an overly aggressive manner to ensure against a potential Compact 

violation that may, or may not, occur once the accounting is eventually finalized. This 
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constitutes a continuing haIm to the State of Nebraska, its political subdivisions, and its water 

users. 

40. In 2008, because it was unable to determine the VWS, allocations, and 

compliance, Nebraska brought these accounting issues to non-binding arbitration pursuant to the 

FSS dispute resolution provisions provided in Atiicle VII of the FSS. 

41. The accounting issues were arbitrated to conclusion in the same proceeding as the 

Kansas issues that initiated this action. 

FIRST CLAIM FOR RELIEF 

(Breach of Compact and FSS for Failing to 
Account Properly For Groundwater Use) 

42. Nebraska incorporates by reference the allegations in Paragraphs 1 through 41 of 

the Counterclaim as though fuily set forth herein. 

43. The current FSS Accounting Procedures do not reflect the tlUe impact of 

consumption on the River. 

44. Under the Compact, the States have a duty to detelmine the VWS, allocations, 

and Beneficial Consumptive Use. 

45. Kansas has breached the Compact and the FSS by attempting to perpetuate 

Accounting Procedures that fail to account for the tlUe impact of consumption on the River and 

thus improperly determine the VWS, allocations, and Beneficial Consumptive Use. 

46. By refusing to make an accounting as required by the Compact, Nebraska's 

annual allocation has been wrongly detennined or cannot be detennined at all. 

47. This constitutes a continuing harm to Nebraska for the reasons set f011h herein. 
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SECOND CLAIM FOR RELIEF 

(Breach of Compact and FSS for Failing to Account Properly for 
Evaporation from Harlan County Lake) 

48. Nebraska incorporates by reference the allegation in Paragraphs 1 through 41 of 

the Counterclaim as though fully set forth herein. 

49. Kansas has a duty to account for evaporation from Harlan County Lake as 

specified at § IVA.2.e.l of Appendix C of the FSS. 

50. Kansas has refused to account for evaporation as required by the FSS and is 

attempting to charge Nebraska wrongly for evaporation from Harlan County Lake for 2006. 

51. Kansas has breached the Compact and the FSS by attempting to perpetuate its 

elToneous view of § IVA.2.e.1 of Appendix C of the FSS. 

52. By refusing to make an accounting as required by § IV.A.2.e.1 of Appendix C of 

the FSS, Nebraska's annual allocation has been wrongly determined or cannot be detelmined at 

all. 

53. This constitutes a continuing harm to Nebraska for the reasons set forth herein. 

PRAYER FOR RELIEF 

WHEREFORE, Nebraska respectfully prays that the Court (Special Master): 

(a.) Issue an Order incorporating Nebraska's proposed change to the FSS Accounting 

Procedures as set forth in Exhibit "A," attached hereto and fully incorporated 

herein. 

(b.) Issue an Order charging Kansas with total net evaporation losses from Harlan 

County Lake for the year 2006 and all future years in which Nebraska Bostwick 

Irrigation District does not divert water from Harlan County Lake. 
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(c.) Order such other and further relief as the Court may deem just and equitable. 

(d.) Order Kansas to pay Nebraska's costs and expenses, including attorney's fees. 

----+----
CROSS-CLAIM 

Pursuant to SUP. CT. R. 17.2, FED. R. Cry. P. 13(g) and FED. R. Cry. P. 15, Nebraska 

asserts the following cross-claim against Colorado, even if found to be alternative to or 

inconsistent with Nebraska's other claims or defenses in this action, stating and alleging as 

follows: 

+---

JURISDICTION AND VENUE 

1. Jurisdiction and venue are proper before this Court pursuant to Article III, Section 

2, Clause 2 of the Constitution of the United States in conjunction with 28 U.S.C. § 1251(a) for 

the reason that this is a controversy between more than two States. 

----+----

HISTORY OF EVENTS 

2. The Republican River Compact ("Compact") annually apPOltions the "virgin 

water supply" ("VWS") of the Republican River Basin among the States of Colorado, Kansas, 

and Nebraska (collectively the "States"). 

3. Atticle II of the Compact defmes the VWS "to be the water supply within the 

Basin undepleted by the activities of man." The Compact does not provide a fOlIDula or 

accounting procedures by which the States can determine the VWS. 
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4. An accurate calculation of the VWS is essential in order to achieve the purposes 

of the Compact and for each of the States to receive the water to which it is entitled. 

5. In the late 1950s, the Republican River Compact Administration ("RRCA") was 

created by the States, in pati, to annually calculate the VWS for appOliionment purposes. 

6. The RRCA issued its First Repoti in 1961 containing the accounting for the prior 

year. 

7. By the time the First Repoti was issued, the States had unanimously agreed to an 

accounting procedure to determine the VWS. 

8. In the late 1980s and into the 1990s, Kansas expressed dissatisfaction with the 

accounting procedures and proposed changes to the procedures to include the impact to 

streamflow resulting from the use of non-alluvial groundwater. Kansas' proposed changes were 

rejected by Nebraska and Colorado. 

9. In 1999, Kansas was granted leave to file its Bill of Complaint with the Supreme 

Couti to, among other things, force the adoption of accounting procedures to include the impact 

to streamflow caused by non-alluvial wells. 

10. Nebraska responded shotily thereafter with its Answer and Counterclaims which 

was later amended to include a cross-claim against the State of Colorado for consuming water in 

excess of its annual allocations as a direct result of adding non-alluvial ground water to the 

RRCA Accounting procedures. 

11. In 2003, the States entered into the Final Settlement Stipulation ("FSS") and 

resolved all issues remaining at that time. Resolution of those issues included changing the 

Compact accounting applicable to all States, including Colorado. The Accounting Procedures 

are attached to the FSS as Appendix C. 
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12. The groundwater model is a mathematical model that provides a calculation of the 

baseflow in the Republican River and its tributaries under conditions including or excluding 

groundwater use in each state and the recharge of impOlted water from the Platte River Basin in 

Nebraska. 

13. The Accounting Procedures use the output from the groundwater model along 

with surface water data to calculate the VWS, each State's allocation, and determine their 

respective Beneficial Consumptive Use. 

14. Like the Compact itself, a goal of the accounting established by the FSS is to 

estimate the total water supply and identify the true impact of consumption on the Republican 

River and its sub-basins. 

15. As explained by Special Master McKusick in his Second Report: "To make the 

required determinations, the RRCA will adopt and use the Groundwater Model, which matches 

as closely as possible the actual effects of both alluvial and table-land groundwater pumping on 

stream flow in the Basin." Second Report at 37 .. 

PRESENT CONTROVERSY 

Proposed Refinement of CBCU Calculations 

16. In 2006-2007, Nebraska identified a significant discrepancy in the accounting 

steps used for determining the "Computed Beneficial Consumptive Use" ("CBCU") for 

groundwater and the ImpOlted Water Supply Credit. 

17. To address the discrepancy, Nebraska developed a change to the FSS Accounting 

Procedures without changing the groundwater model. Nebraska presented the CBCU issue and 

its proposed solution to the RRCA's Engineering Committee in 2007. Colorado's 

representatives on the Engineering Committee acknowledged that the existing CBCU calculation 
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method might not reflect the true impact of groundwater pumping and the Imported Water 

Supply. 

18. In response to specific criticism from Kansas, Nebraska refined its solution. 

Nebraska thereafter presented its refined solution to the RRCA for adoption into the FSS 

Accounting Procedures. Colorado, however, rejected Nebraska's solution. 

19. The arbitrary sequence of the cunent FSS Accounting Procedures provides results 

that violate simple mathematical principles. Nebraska's proposed solution addresses certain 

shortcomings of the sequence of groundwater model simulation required by the cunent FSS 

Accounting Procedures. The cunent FSS Accounting Procedures produce estimates of the 

individual impacts of the three states pumping and the Imported Water Supply and assumes the 

sum of these individual values represents the combined impact of these stresses. However, the 

combined impact of the three States' groundwater pumping and the ImpOlied Water Supply can 

be independently detennined by comparing two model runs: one that includes all stresses on and 

one with all stresses off. Comparison of the results of this run with the individually derived 

values from the current Accounting Procedures shows that they do not equal. This test, which 

the cunent Accounting Procedures fail, is identical to the VWS Metric that Kansas previously 

proposed. 

20. The magnitude of this discrepancy varies from year-to-year depending on climatic 

changes. In recent drought years it has been approximately 10,000 acre-feet per year in telms of 

Nebraska's final balance in the Compact accounting. It is reasonable to expect that the 

magnitude of this discrepancy will equal or exceed this value in future drought years, and could 

average close to this value over the long-term, including drought and non-drought years. 
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21. Correcting this discrepancy is not always advantageous to Nebraska. However, 

Nebraska's proposed solution addresses the arbitrary nature of the current FSS Accounting 

Procedures by consideling all potential methods for determining each state's impact due to 

pumping and ImpOlted Water Supply Credit. The proposed method is preferable to the existing 

method because it more accurately reflects the impact of each state's pumping and the ImpOlted 

Water Supply, ensuring a more accurate calculation of the VWS. 

22. This observed discrepancy is significantly greater during years subsequent to 

2000 than it was in prior years. The observed magnitude of this discrepancy in recent years 

could not have been anticipated at the time the FSS was signed. 

23. The discrepancy must be addressed to maintain scientific and mathematical 

integlity and to ensure Compact entitlements are fully protected. 

IMPACT OF THE PRESENT CONTROVERSY 

24. The States' inability to agree on tills accounting issue precludes the RRCA from 

conducting the tasks assigned it under the Compact and the FSS. 

25. Because the accounting cannot be finalized, the RRCA cannot defmitively 

determine annual allocations or CBCU. 

26. Because the accounting cannot be finalized, the RRCA cannot definitively 

determine whether any state has in fact complied with, or violated, any provision of the Compact 

or the FSS. 

27. Colorado's actions continue to render the Compact and FSS functionally invalid 

and pose a continuing challenge to Nebraska's water management effOlis. 

28. Without knowing what the actual accounting is, Nebraska must manage its 

pOltion of the Basin in an overly aggressive manner to ensure against a potential Compact 
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violation that may, or may not, occur once the accounting is eventually finalized. This 

constitutes a continuing harm to the State of Nebraska, its political subdivisions, and its water 

users. 

29. In 2008, because it was unable to determine the VWS, allocations, and 

compliance, Nebraska brought these accounting issues to non-binding arbitration pursuant to the 

FSS dispute resolution provisions provided in Article VII of the FSS. 

30. The accounting issues were arbitrated to conclusion in the same proceeding as the 

Kansas issues that initiated this action. 

CLAIM FOR RELIEF 

(Breach of Compact and FSS for Failing to 
Account Properly For Groundwater Use) 

31. Nebraska incorporates by reference the allegations in Paragraphs 1 through 30 of 

the Cross-claim as though fully set f0l1h herein. 

32. The CUtTent FSS Accounting Procedures do not reflect the hue impact of 

consumption on the River. 

33. Under the Compact, the States have a duty to determine the VWS, allocations, 

and Beneficial Consumptive Use. 

34. Colorado has breached the Compact and the FSS by attempting to perpetuate 

Accounting Procedures that fail to account for the tme impact of consumption on the River and 

thus improperly detelmine the VWS, allocations, and Beneficial Consumptive UFle 

35. By refusing to make an accounting as required by the Compact, Nebraska's 

annual allocation has been wrongly determined or cannot be determined at all. 

36. This constitutes a continuing harm to Nebraska for the reasons set forth herein. 
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PRA YER FOR RELIEF 

WHEREFO RE, Nebraska respectfully prays that the Court (Special Master): 

(a.) Issue an Order incOl"porating Nebraska'g accounting change to the FSS 

Accounting Procedures ns set forth in Exhibit "A ;" attached hereto and fully 

incorporated herein, 

(b.) Order slIch other and further relief as the Court may deem just and equitable, 

(c.) Order Colorado to pny Nebraska's costs and expenses, including attorney's fees. 

Respcctfully submitted. 
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III.A.3. Impoded Water Supply Credit 
Calculation: 

The amount of Imported Water Supply Credit shall 
be determined by the RRCA Groundwater Model. 
The Imported Water Supply Credit of a State shall 
not be included in the Virgin Water Supply and 
shall be counted as a credit/offset against the 
Computed Beneficial Consumptive Use of water 
allocated to that State. Currently, the Imported 
Water Supply Credits shall be determined using 
sixteentwe lUns of the RRCA Groundwater Model. 
These lUns are named using a combination of 
variables representing Colorado groundwater 
pumping and pumping recharge (C), Kansas 
groundwater pumping and pumping recharge (K), 
the surface water recharge associated with 
Nebraska's Imported Water Supply, or "mound" 
(M), and Nebraska groundwater pumping and 
pumping recharge eN), with the presence of the 
variable indicating that the stress is "on" and the 
absence of the variable indicating that the stress is 
"off'. These will be the same lUns used to 
detelmine groundwater Computed Beneficial 
Consumptive Uses, as described in Section III.D.l. 

CKMNThe "base" run shall be the "base" lUn with 
Compare to Notice 

all groundwater pumping, groundwater pumping ~ of Stipulation, Ex. A, 
recharge, and surface water recharge within the IIIA3a 
model study boundruy for the current accounting 
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year turned "on." This will e~~e same "base" run 
used to determine groundv/ater Computed 
BenefIcial Consumptive Uses. 

CKNThe "no NE imp0l1" run shall be the run with 
the same model inputs as the base run with the 
exception that surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off." 

KMN shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge m 
Colorado shall be tumed "otT." 

CMN shall be the nm with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas shall be turned "off. " 

CKM shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge m 
Nebraska shall be turned "off. " 

CK shall be the nm with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Nebraska and surface water recharge associated 
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with Nebraska's Imported Water Supply shall be 
turned "off. " 

CM shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge III 

Nebraska and Kansas shall be turned "off." 

CN shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and surface water recharge associated with 
Nebraska's Imported Water Supply shall be turned 
"off. " --

KM shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge III 

Nebraska and Colorado shall be turned "off." 

KN shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off. " 

MN shall be the run with the same model inputs as 
the base run with the exception that all 
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groundwater pumping and pumping recharge III 

Colorado and Kansas shall be turned "off." 

C shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off. " 

K shall be the run with the same model inputs as 
the base lun with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off. " 

M shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas, and Nebraska shall be turned 
"off. " 

N shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Kansas and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 
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8 ("theta") shall be the mll with the same · model 
inputs as the base mn with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas and Nebraska and surface water 
recharge associated with Nebraska's ImpOlied 
Water Supply shall be turned "off." 

The Imported Water Supply Credit shall be based 
on the difference in stream flows between these 
eight pairstwe of model mns where the only 
difference between the two mns is that the surface 
water recharge associated with Nebraska's 
Imported Water is "on" in one mn and "off' in the 
other (e.g., CKMN vs. CKN). The fonnula to be 
used is: 

Imported Water Supply Credit = [(M-8) + aCM-
C) + (KM-K) + (MN -N))/3 + ~ 

aCKM-CK) + (CMN-CN) + (KMN-KN))/3 
+ (CKMN-CKN)]I4 

Differences in stream flows shall be detennined at 
the same locations as identified in Subsection 
III.D.1 for tho ''no pumping" runs. Should another 
State import water into the Basin in the future, the 
RRCA will develop a similar procedure to 
determine Imported Water Supply Credits. 

6 
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III.D.I. Groundwater 

Computed Beneficial Consumptive Use of 
groundwater shall be determined by use of the 
RRCA Groundwater Model. The Computed 
Beneficial Consumptive Use of groundwater for 
each State shall be detelmined as the difference in 
streamflows using sixteentwe runs of the model. 
These runs are named using a combination of 
variables representing Colorado groundwater 
pumping and pumping recharge (C), Kansas 
groundwater pumping and pumping recharge (K), 
the surface water recharge associated with 
Nebraska's Imported Water Supply, or "mound" 
(M), and Nebraska groundwater pumping and 
pumping recharge (N)' with the presence of the 
variable indicating that the stress is "on" and the 
absence of the variable indicating that the stress is 
"off'. 

CKMNThe "base" run shall be the "base" run with 
all groundwater pumping, groundwater pumping 
recharge, and surface water recharge within the 
model study boundary for the current accounting 
year "on". 

CKMThe "no State pumping" run shall be the run 
with the same model inputs as the base run with 
the exception that all groundwater pumping and 
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pumping recharge in N ebraskaof that State shall be 
tumed "off." 

CKN shall be the run with the same model inputs 
as the base run with the exception that surface 
water recharge associated with Nebraska's 
Imported Water Supply shall be turned "off." 

CMN shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge ill 

Kansas shall be tumed "off. " 

KMN shall be the run with the same model inputs 
as the base run with the exception that all 
groundwater pumping and pumping recharge In 

Colorado shall be turned "off. " 

CK shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater numping and pumping recharge in 
Nebraska and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off. " 

eM shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge ill 

Nebraska and Kansas shall be turned "off." 
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CN shall be the run with the same model inputs as Compare Notice of 
the base run with the exception that all ~ Stipulation 
groundwater pumping and pumping recharge in Ex. A, 
Kansas and surface water recharge associated with III 01 
Nebraska's Imported Water Supply shall be turned 
"off. " 

KM shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge III 

Nebraska and Colorado shall be turned "off." 

KN shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and surface water recharge associated 
with Nebraska's Imported Water Supply shall be 
turned "off. " 

MN shall be the lun with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge III 

Colorado and Kansas shall be turned "off." 

C shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Kansas and Nebraska and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 
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K shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Nebraska and surface water recharge 
associated with Nebraska's ImpOlied Water 
Supply shall be turned "off." 

M shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas, and Nebraska shall be turned 
"off." 

N shall be the run with the same model inputs as 
the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado and Kansas and surface water recharge 
associated with Nebraska's Imported Water 
Supply shall be turned "off." 

e ("theta") shall be the run with the same model 
inputs as the base run with the exception that all 
groundwater pumping and pumping recharge in 
Colorado, Kansas and Nebraska and surface water 
recharge associated with Nebraska's Imported 
Water Supply shall be turned "off." 

An output of the model is baseflows at selected 
stream cells. Changes in the baseflows predicted 
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by the model between eight pairs of model runs 
where the only difference between the two runs is 
that the groundwater pumping and pumping 
recharge in a state is "on" in one run and "off' in 
the other run (e.g., CKMN vs. CKM) will"base" 
run and the "no State pumping" model ruB is 
assumed to be used to detennine the depletions to 
streamflows. i.e., groundwater computed beneficial 
consumptive use, due to State groundwater 
pumping at that location. The fonnulas to be used 
are: 

Colorado groundwater computed beneficial 
consumptive use = 

[(S-C) + «K-CK) + (M-CM) + (N-CN))/3 + 
« KM-CKM) + (KN-CKN) + (MN-CMN))/3 
+ (KMN-CKMN)]!4 

Kansas groundwater computed beneficial 
consumptive use = 

[(S-K) + « C-CK) + (M-KM) + (N-KN))/3 + 
CCCM-CKM) + (CN-CKN) + (MN-KMN))!3 
+ (CMN-CKMN)Jl4 

Nebraska groundwater computed beneficial 
consumptive use = 

[(S-N) + ((C-CN) + (M-MN) + (K-KN))/3 + 
«CM-CMN) + (CK-CKN) + (KM-KMN))/3 
+ (CKM-CKMN)1I4 
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The values for each Sub-basin will include all 
depletions and accretions upstream of the 
confluence with the Main Stem. The values for the 
Main Stem will include all depletions and 
accretions in stream reaches not otherwise 
accounted for in a Sub-basin. The values for the 
Main Stem will be computed separately for the 
reach above Guide Rock, and the reach below 
Guide Rock. 
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