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THE COURT: Good afternoon, counsel. I thought
Steve and I ought to get hardship pay. We left Portland,
Maine at 56 degrees yesterday afternoon. We have had no
snow on the ground so far this winter, unusually. Come out
here and I guess we missed the snow but we got the cold.
But we made it here.

For the record, I am Vincent McKusick. I am the
Special Master appointed for the Supreme Court of the United
States in this original jurisdiction action, Kansas against
Nebraska and Colorado, 126 Original.

I sit here today to hear oral argument on the
Motion to Dismiss filed by the defendant, State of
Nebraska. By its motion, Nebraska asserts the Bill of
Complaint of plaintiff Kansas fails to state a claim on
which relief may be granted. As limited by the Supreme
Court's order, by which it granted Nebraska leave to file
this motion to dismiss, the sole question before me today
is, and I quote, whether the Republican River Compact
restricts a state's consumption of groundwater, end quote.
I sit here today to hear oral argument from the three state
parties, Nebraska, Kansas and Colorado, and from the United
States which, at the Supreme Court's invitation, appears as
amicus curiae. All four have filed extensive briefs which I
have studied with great care and I must say also with great

benefit.
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We are now ready to proceed and we will start with
the State of Nebraska, the moving party on the motion now in
the hearing. And I would like to ask each of you counsel as
you enter your appearance to do so personally so I may
visually identify each of you. Also, I would ask that as
you enter your appearance you identify who is presenting
argument for each of the parties.

So starting with the State of Nebraska,
appearances.

MR. COOKSON: I am David Cookson, Assistant
Attorney General for the State of Nebraska. I will be
presenting the argument today.

MR. STENBERG: My name in Don Stenberg. I am
Attorney General of the State of Nebraska.

THE COURT: Thank you very much, General. Yes
indeed.

MR. McLEAY: I am Bart McLeay, Special Assistant
Attorney General for the State of Nebraska.

THE COURT: Thank you, Mr. McLeay.

THE COURT: And for the State of Kansas.

MR. DRAPER: Your Honor, I am John Draper. I am
counsel for the State of Kansas in this case. The Attorney
General of Kansas, Carla Stovall, seated next to me will be

presenting the argument today on behalf of the State of

Kansas.
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THE COURT: Thank you. For the State of Colorado.

MR. SALAZAR: Your Honor, I am Ken Salazar, the
Attorney General for the State of Colorado. With me is
Alexandra Davis, Assistant Attorney General for the State.
I will be making some opening remarks and she will be
presenting most of the argument to you today.

THE COURT: Thank you very much, General.

And for the United States.

MR. WALCH: My name is Andrew Walch. I am with
the Department of Justice representing the United States.
With me is Mr. Boling who will make the the argument.

THE COURT: Fine, thank you.

THE COURT: Our court reporter I trust you have
all met, Libby Shinn, and you have all met my case
management assistant and law clerk, Steven Scott. So we
are ready to proceed. And it's your Motion to Dismiss,
State of Nebraska, so I turn to you, Mr. Cookson.

MR. COOKSON: Thank you and good afternoon, Your
Honor. Pursuant to case management order number one I would
like to reserve my ten minutes for rebuttal.

As Your Honor knows, this case has been
extensively briefed and I will focus my argument on
providing some background of the compact, then analysis of
the compact terms and then the relevant terms of the

statutory contract interpretation and then address some of







10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

the arqguments that Kansas and the United States have made in
their briefs. I will try to highlight the relevant and
important issues and avoid a recitation of our brief.

As the court indicated in our first telephone
conference, the court anticipated some background so I would
like to provide a little background about the Republican
River and the compact itself.

The Republican River is an interstate river that
is located in, and again it's in Colorado, and then it flows
both into Nebraska and Kansas through the north fork, south
fork and tributary rivers which join them near McCook,
Nebraska flowing then on through the southern part of the
state of Nebraska into the State of Kansas near Hardy then
through Republic, Jewell and Cloud Counties to its junction
with the Smoky River. The river and its tributaries have a
drainage area of approximately 25 thousand square miles.

The map, as you can see, shows the Republican River and its
drainage basin -- this is the map that was attached to the
compact as adopted by Congress in 1943. In addition, to the
Republican River --

THE COURT: 1Is that map available, the map that
was attached to the compact? I believe it wasn't reproduced
in the reproduced copies of the compact in any of these
papers I have.

MR. COOKSON: We actually have a copy of that we
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can get to you today.

THE COURT: I would like to have it, yes.

MR. COOKSON: In addition to the Republican
River, there is a separate water source which is the
Ogallala aquifer, which underlies a portion of the
Republican River Basin. That aquifer, as you can see,
consists of several units and underlies 134,000 square miles
and is a principal geologic unit of the high point aquifer
which covers eight states.

As you can see in the map, it gives you an idea of
the interaction of these two. It shows you how the
Republican River basin overlies. The genesis and the
primary impetus for this compact was a result of a disaster
in 1935 in the Republican River Basin valley.

Prior to that time, the states of Kansas and
Nebraska and Colorado had suffered one of the greatest
droughts in the history of the country, but welcome rains
came in the spring of 1935 and by the end of May the ground
was nearing its saturation point.

On May 31, 1935 there were torrential rains in
eastern Colorado and southwestern Nebraska. Those rains
took what was normally a very mild and gentle river just
three hundred to four hundred feet wide and turned it into a
raging torrent that was anywhere from one to four miles

wide. The wall of the water was described as within between
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three to eight feet in height as it made its way through the
valley. Near the western end it was traveling at ten miles
an hour. Near the central part it was at five miles an hour
and as it entered Kansas City it slowed to two and a half.

Two days later, when the waters had receded,
nearly a hundred lives had been lost and many millions of
dollars of damages during the Great Depression had been
done.

The states obviously, as Kansas has pointed out in
its brief, the governors of the states and their respective
Congressional delegations planned for federal help and
federal control projecté which is now known as the Bureau of
Reclamation, then known as the Reclamation Service, offered
its assistance but only on the condition that the parties,
the states, enter into a compact to apportion the Republican
River. That was done in 1941, ratified by the three-states’
legislatures, sent to Congress, passed by Congress, then in
an unusual move vetoed by President Roosevelt based on some
of the federal agencies, especially the Power Commission and
the Water Commission.

Congress reauthorized the negotiation of a compact
between the states in 1942. That was done. It was ratified
by all three states and sent to Congress and passed. And
from there it was signed by President Roosevelt.

We are here today on what the court has called a
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motion, the nature of a 12(b)(6) motion to dismiss under the
Federal Rules of Civil Procedure.

THE COURT: I have read the briefs and read them
with care.

MR. COOKSON: One thing to note is although on a
motion to dismiss factual allegations are taken as true, the
court is not bound to accept legal conclusions couched as
factual allegations. And that can be found in the Papasan
versus Allain case cited in our brief.

As the court noted in its introductory remarks,
the Supreme Court has framed a very narrow issue, whether
the Republican River Compact restricts its states
consumption of groundwater. That is the only issue before
the court.

The issue is not what does equity require, not
what its present day hydrological reality is but what does
the express terms of the compact require in terms of
consumption of groundwater.

The method for answering this question is well
established in both the Supreme Court case law and in the
common law. A compact is both a contract and a federal
statute. The canons of construction for those are the same.
When the language of the compact is clear and non-ambiguous,
that is the end of the judicial inquiry and no further

inquiry may be undertaken. We look simply then to the plain
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language that is used by the parties in its ordinary
meaning.

The court has gone further though to make certain
that in compact cases it is clear that the court cannot
order relief inconsistent with the express terms, no matter
what the equities of the present circumstances indicate.
Likewise, the courts have no power to substitute their own
notions of equitable apportionment to that chosen by
Congress. On this point the Supreme Court has been
consistent and clear.

Then to determine what does the compact say about
the consumption of groundwater, we must turn to its express
terms. The contract and the compact speak to the Republican
River Basin. And when we look at the dictionary the plain
and ordinary meaning in 1934 from Websters Second
International Dictionary, copyright in 1933, we find the
definition of basin is "the entire tract of country drained
by river and its tributaries."

THE COURT: We have got that, the basin in the
compact itself. We don't have to go to the dictionary.

MR. COOKSON: In this case we do because basin has
a two element definition. Not only does it provide the
definition of the geographical tract we were talking about,
which is provided in the compact, but also, in addition, the

basin goes beyond the entire tract of country; it also talks
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about drained by a river and its tributaries. To get the
full meaning as it was used at that time one must not only
know the geographical definition but one must also know
what it is it's talking about and in this case it's drained
by river and its tributaries.

THE COURT: I don't want to quibble with you but
the compact says the basins of the area in Colorado, Kansas
and Nebraska, which is naturally drained by the Republican
River and its tributaries which seems very much like the
dictionary.

MR. COOKSON: I agree, Your Honor. Then the key
word becomes drained. And what is the plain and ordinary
meaning. The dictionary at that time and the dictionary
today says to remove surface water and in its intransient
form to discharge surface water in streams. Another word
that is used throughout the compact is drainage as in a
drainage basin. And again we talk about the mode in which
the water can pass off by streams and rivers. We look at
the definition of river and again we are talking about a
natural stream of water. All of these definitions are
consistent with an understanding of surface water as is the
word stream which is used in these definitions.

Then we come to the term virgin water supply which
Kansas believes you should imply the groundwater into the

virgin water supply. Yet in Article III of the compact we
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note that the definition of virgin water supply is modified
in the compact in which it says "computed average annual”
which is water supply, is modified by the term originating
in the following designated drainage basins. So we look to
drainage basin -- and again it refers to basin, the
definition we talked about and the definition that is
provided in the compact, that area drained by the river and
tributaries.

Likewise, the compact speaks of river basin. And
again it refers us to the definition of basin, wholly
consistent in its terms.

Now, by contrast, look at Kansas' proposed
interpretation of the Compact. Having looked at its express
terms in the plain and ordinary meaning, one must disregard
that in order to find by implication the use of the words
groundwater or hydraulically or hydrologically connected.
Certainly a search of the words used in the compact finds no
mention of those terms nor any implication of the use of
groundwater or its interconnection.

THE COURT: Tell me, are you including alluvial
groundwater?

MR. COOKSON: The compact itself does not include
alluvial groundwater.

THE COURT: How do you distinguish between

alluvial groundwater and upland groundwater?

12
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MR. COOKSON: For the purposes of the compact
there is no distinction, but in the compact formulas, which
were adopted sixteen years after the compact by the compact
commissioners, alluvial groundwater was defined to be water
that was connected to the river in the alluvial area which
was to be defined by the states.

However, for the purposes of the compact, there is
no definition of groundwater nor is there inclusion of
alluvial water. That was something adopted by the
commissioners in 1960.

THE COURT: In other words, by strict construction
of the compact the alluvial groundwater should not be
included against the allocation of a state.

MR. COOKSON: That is correct, by looking at it
by its express terms. However, the compact does provide the
commissioners may, by unanimous action, adopt rules and
regulations consistent with the provisions of the compact.

THE COURT: And the extent to which groundwater
is restricted.

MR. COOKSON: We would argue, no, they do not have
that authority to do that.

THE COURT: Well, that has been accepted as a
restriction. Suppose you pump more than your -- are you
saying technically there should be counted against Nebraska,

for example, or Kansas or Colorado only what comes by direct
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diversion from the stream by the compact?

MR. COOKSON: According to the express terms by
the compact --

THE COURT: By the compact.

MR. COOKSON: That is correct. The answer,
however, -- and I think I am anticipating that you are
saying can they use up all the groundwater and not violate
the compact -- and I think what the physical reality is,
that would not or could not likely happen.

Further, and more importantly, the absence of
groundwater restriction in the compact does not defeat the
purpose of the compact as Kansas and the United States would
suggest. The Supreme Court has recognized that in certain
circumstances compacts are not universal and that there is a
remedy available either through the negotiations to modify
the compact or negotiate a new compact to cover groundwater
or Kansas can seek equitable apportionment from the court.
And the court has pointed that out in the New Jersey cases,
the New York cases cited in our brief and they have pointed

that out in Texas versus New Mexico at 462 U.S.

Again, by looking at its express terms, the plain meaning
does not provide for a restriction of groundwater because
not only must you imply groundwater, you must then imply
restriction which is not found in the express terms of the

contract.
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THE COURT: So you are relying upon the action of
the administration, Republican River Compact Administration,
in 1961 for including alluvial groundwater.

MR. COOKSON: Actually, we are not, our position
is there is no groundwater restriction in the compact.
However, we recognize that the compact commissioners, in
very clear and precise langquage, limit it to certain
alluvial water which is treated as surface water.

THE COURT: They say the only reason we are not
including upland water is because we don't have the facts
and figures to determine just exactly what the effect is of
upland pumping upon the streamflow.

MR. COOKSON: Actually, I think if you look at
their exact language which is cited in our brief they say
the determination awaits further research because the United
States and other agencies have said there may not be any
effect at all.

THE COURT: They say if there is some effect they
are going to inciude it, isn't that the implication?

MR. COOKSON: I don't believe so. What you have
is an agreement to possibly agree in the future which is not
an enforceable contract nor is it an enforceable statute.
You simply have an agreement to take a further look at it
but certainly it's not an agreement on the part of Nebraska

or Colorado to agree to include that at this time.
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THE COURT: Plus the unanimous action of the
administration saying we are going to continue to look at
it, isn't that what they were saying?

MR. COOKSON: They said if we are going to do
anything about it we need to look at it further but there
certainly is no agreement to do anything further about it.
Nor was there any consideration they would undertake to do
anything to look at it at that time.

We believe when you look at the compact as a
whole -- and again the compact provides the commissioners
can only act by unanimous consent and if they don't act by

unanimous consent, the Supreme Court in Texas versus_ New

Mexico has held that failure to act does not make the
compact void or defeat its purpose.

Again the Court noted that the parties can simply
turn to other avenues either through negotiation or
modifying the contract by negotiation or through interaction
for establishing apportionment.

In reviewing a compact, one must look at it as a
whole. And we believe if you do that, everything in the
compact is consistent with the compact governing surface
water but there being no implied restriction on the
consumption of groundwater.

Likewise, silence does not create an ambiguity in

the compact. 1In New Jersey versus New York both the
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majority opinion and concurrence pointed out silence in the
area, whether it's background law, simply incorporates
background law. As I would point out, the law of the states
at the time each state treated groundwater and surface water
differently. More importantly =--

THE COURT: But the compact is silent about
surface water, it just says "water".

MR. COOKSON: Actually, it is does not say water
because if you talk about streams, rivers and tributaries,
those are by definition, they're synonymous with surface
water and the words used within, drain and drainage, talk
about removing surface water.

THE COURT: Where does stream water come from,
from two sources, isn't that accepted both from surface
runoff and from groundwater discharge?

MR. COOKSON: Certainly it is accepted today that
there is some factor in groundwater base flow and surface
water runoff, but as we point out, at the time of the
compact the law did not recognize that interconnection nor
has there been any citation.

THE COURT: Did you brief that. 1Isn't that a
well-accepted, long-accepted fact?

MR. COOKSON: Actually, it's not.

THE COURT: Water comes from two sources,

did you brief that?

17
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MR. COOKSON: We did not brief that issue but I
will be able to point to some authority that shows that
actually was not well accepted.

THE COURT: If the conditions of understanding at
the time of the compact is important in its construction --

MR. COOKSON: For instance, if one were to look
at the McCarran Amendment -- this is not in our brief but I
will provide you with the citations -- which is a federal
water problem that asks the United States to waive its
sovereign immunity to allow for the adjudication of a water
source or river system, the Supreme Court of the Ninth
Circuit Court of Appeals rejected the notion when the
McCarran Amendment was passed in 1952 that you could imply
hydrologically-related sources. And, in fact, the Ninth
Circuit went so far as to say "While the trend has" -- and
this was in 1994 -- the Ninth Circuit in the case of United

States versus the State of Oreqgon, 44 Federal 3rd 758--

"While the trend has been toward a greater legal recognition
of the connection between ground and surface water, that
recognition is too recent and too incomplete to infer
Congress intended to require comprehensive stream
adjudication under the McCarran Amendment to include the
adjudication of groundwater rights as well as rights to
surface water."” That's in 1952 and we are talking about in

1943.
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THE COURT: As I suspect, these water engineers
would be more impressed in the early 1940s with what
scientists were saying about the subject than what some
court out on the West Coast was saying.

MR. COOKSON: Well, actually, the United States
Supreme Court rejected that same hydrologically-related
argument as applied to two different rivers that were
hydrologically connected. 1In fact, the court told the
Supreme Court in the case of United States versus the
District Court of Eagle County, said that argument was
almost frivolous, when adjudicating the Eagle River includes
the entire Colorado River which covers seven states. And
the same principles are applicable here. As we move on,
again --

THE COURT: These are very helpful, Mr. Cookson.
Could you provide the court with copies of those?

MR. COOKSON: I did. I have copies and I have
copies for opposing counsel as well.

THE COURT: Thank you.

MR. COOKSON: Again the compact's purpose is
beneficial consumptive use of the waters of the Republican
River Basin. And again the definitions all point to surface
water and words synonymous with surface water.

At the time of the compact, existing state and

federal law provided that both Kansas, Nebraska and the
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federal law provided that surface water and groundwater were
distinct sources subject to different laws. Again that was
the Ninth Circuit Court of Appeals.

THE COURT: One question comes to mind. In
computing the 478,900, if that is the figure, acre feet of
water, of virgin water supply, did that include any water
that was pumped at that time from groundwater?

MR. COOKSON: From all indications, although there
is no evidence in this record, that water was a reflection
of the actual stream flow as measured by the gauges of the
United States Geological Survey.

THE COURT: At that time I understand that there
was very little development in the Republican River Basin of
groundwater pumping, what was the situation in that regard?

MR. COOKSON: With regard to the compact --

THE COURT: How much diversion of the activities
of man was there at that time?

MR. COOKSON: I don't think it was known and
there is no indication in the record it was known at that
time.

THE COURT: Or even estimated by the water
engineers that worked this up.

MR. COOKSON: The only reference is a letter from
Mr. Harry Burleigh, or a letter to Mr. Harry Burleigh, about

a report. The report is not in the record and it's just a
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passing reference to tables he provided. Again, we don't
have those tables and they have not been provided in the
record by the parties relying on that point. And,
furthermore, the impetus was on flood control so the numbers
reflect what they believe the flow in streams to be for the
purposes then of adopting it to the building of reservoirs
by the Reclamation Service.

Again, we don't believe there is any ambiquity in
the compact, but if the court believes there is and it
cannot be resolved by looking at the .compact as a whole,
then one should look to well-established rules of
interpretation as far extrinsic evidence and the most
binding and the most controlling authority would be the
legislative history and Congress =--

THE COURT: It is true, is it not, even if there
wasn't much development in the Republican River, there was
in the early 40s considerable groundwater pumping in other
basins within these three states. 1In other words, these
three states weren't ignorant of groundwater pumping.

MR. COOKSON: No, there was some indication in
the southwestern part of Kansas certainly, which is again
part of the same aquifer which underlies the Republican
River Basin, extensive pumping. Also Texas has a history of
use of groundwater. But again at that time there was no

connection made in any of the laws of the states, in the
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federal law, between groundwater and surface water use. In
other words, there was no restriction that if you use too
much groundwater you would have to pull back on surface
water use.

THE COURT: I keep thinking of these questions.
When, in the virgin water supply computation each year and
in the determination whether the allocations are exceeded or
not, alluvial groundwater pumping is included in the
determination, is one thousand acre feet of alluvial
groundwater treated exactly the same as a thousand acre feet
of water diverted from the stream?

MR. COOKSON: Not being an engineer with the
possible difference the formulas that were adopted in 1960
allowed for also interpreting the return flow from that
groundwater pumping which in turn finds its way back to the
river --

THE COURT: You have return flow.

MR. COOKSON: Right. There's certainly an
adjustment. For the most part, yes, they are treated the
same in the formulas.

THE COURT: One-on-one.

MR. COOKSON: As was adopted in 1960.

THE COURT: How do you understand that Kansas,
suppose Kansas wins this dispute, how do you understand that

Kansas would treat upland groundwater pumping?

22
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MR. COOKSON: Well, the only indication we can go
on is what they have in their complaint which is they intend
to include all hydraulically-connected water, as you will.
From that first slide we showed the Ogallala aquifer, the
USGA considers that entire aquifer which covers a hundred
thirty-four thousand square miles.

THE COURT: I am asking you a different question.
I am asking you, let me put it this way. I would assume
there would be some kind of formula devised by which it
would be determined the extent to which the stream flow of
the Republican River was depleted by the upland groundwater
pumping and it would be some fraction of the thousand acre
feet rather than one on one that is applied to alluvial
groundwater.

MR. COOKSON: No, they want all the water
hydraulically connected.

THE COURT: Is upland groundwater that, just
hypothetically say, draws down the stream flow only by say
five percent, isn't it only hydraulically connected to the
extent of five percent?

MR. COOKSON: , The problem is we don't know how
far they take hydraulically connected.

THE COURT: 1Isn't that something for future
fact-finding? 1Isn't that what we are involved with here?

Let me put it to you, another thing. In the Kansas brief

23
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the assertion is made on page ten, "For the purposes of this
motion", on page ten, it's the third sentence in the first
paragraph at the top of the page, "For the purposes of this
motion, it is admitted that groundwater consumption in
Nebraska is depleting the surface flows of the Republican
River."

MR. COOKSON: That is an incorrect statement
because again the only allegations which are admitted and
are taken to be true are factual allegations.

THE COURT: That's a factual allegation, is it
not?

MR. COOKSON: As you look at the paragraph in the
complaint which contains that, I believe you find it's
couched in the form of a legal conclusion, by doing that
Nebraska is breaching the compact.

THE COURT: Let's examine the complaint.

MR. COOKSON: I believe it's paragraph seven but
I may be mistaken.

THE COURT: Paragraph Seven of the complaint.

MR. COOKSON: Again, Your Honor, if you assume
that groundwater is depleting surface water, the issue that
the Supreme Court has asked us to address, does the compact
restrict the consumption of groundwater.

Now again we must return to the documents. Our

discourse now sounds in the form of a determination of
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should there be a new equitable apportionment, not what did
the express terms of the contract say. We are talking about
how do you allocate these things -- we are really talking
about things that go into equitable apportionment and the
Court again has cautioned about you can't rewrite the
compact if the equities or circumstances have changed. They

made that quite clear both in Arizona versus California and

in New Jersey versus New York. And I think in our

discourse this afternoon that is where we are heading. We
are talking about issues that are pertinent to equitable
apportionment but not to what do the express terms of the
compact say.

More importantly, the legislative history and
authorization for the compact all refers to the rivers and
the streams. Again, the legislatures have not provided any
indication to the compact commissioners, or in adopting it,
they intend to include groundwater. It's certainly
important when you consider the Ogallala aquifer contains
3.2 billion acre feet of water and we are talking about an
apportionment of a river with 478,000 acre feet, there was
not an intention to do that. But, more importantly, this
issue was presented to the Supreme Court before in 1982 in
the case of Sporhase versus the State of Nebraska. And in
that case Justice Stevens writes, "The majority identifies

three issues. 1Is groundwater an article of Commerce, was
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Nebraska's regulation of groundwater an unreasonable burden
and, three, had Congress by its inaction granted the state
permission to regulate."

Now, the opinion references the Republican River
Compact and describes it, as along with other compacts, as
agreements among states regarding right to surface water.
It's important to note that the wells in the Sporhase case
are the very wells Kansas seeks to apply this restriction on
consumption. If the compact truly regulated groundwater as
a federal law it would have been Congressional action, and
the state's action could not have been an impermissible
burden. Moreover, there would be no need for the opinion of
the majority to argue that Congress had not waived its
rights to regulate because Congress would have already
regulated. And, in fact, Justice Rehnquist and O'Connor
dissenting noted that there is no Congressional loss of
groundwater consumption as to the Republican River Basin.

Again if the compact were truly a restriction,
then certainly the Supreme Court would have found it to be
so and would not have had to spend the time and effort it
spent in the Sporhase case going through a very long and
difficult interstate commerce analysis.

Moreover and more importantly perhaps, Kansas and
Colorado represent to the court in the amicus brief that

there is a de facto equitable apportionment of the aquifer
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which states it can be beneficially used within its state.
And if the Supreme Court were to strike down the Nebraska
statute the result would be there would be a need for a new
equitable apportionment of groundwater or a decree.

Again we believe that shows that the parties
didn't intend the groundwater to be part of this and they
didn't interpret it as late as 1982 and neither did the
Supreme Court when presented directly with that issue.
Kansas dismissed this as being not on point, but actually it
is quite relevant because the last two issues Justice
Stevens identified go directly to whether or not there was
any Congressional regulation of groundwater. And the court
found there was none, even after being presented with the
Republican River Compact.

The Kansas Supreme Court in 1944 looked at the
issue of whether there was any Kansas state authority in
regulating groundwater anywhere in the state and they found
no statute cited to us nor, which we found by our other
research, provides the Department of Agriculture through its
Division of Natural Resources had any authority to regqulate,
distribute or allocate groundwater.

In 1949 the court reaffirmed its holding in the
same paragraph, in the consecutive sentences pointed out,
the Republican River Compact is binding on the judicial

branches and yet they say in '44 we held no statute

=
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authorizing us to regulate the consumption of groundwater.
Likewise in Colorado, a similar result was reached.

We believe, Your Honor, if you also look then to
the Blue River Compact, which is entered into by the same
parties for basically the same purposes, you will find
different language in which the Blue River Compact, entered
in 1971, expressly includes groundwater within a mile of the
Blue River.

Now if the parties, Kansas and Nebraska, truly
believe the Republican River compact included groundwater,
they would not have acted to expressly include groundwater
in their later negotiated compact.

Again, all of the actions of the parties are
consistent with the compact as to surface water; that it
does not deal with groundwater does not defeat its purpose.
The Supreme Court has recognized they're other avenues of
remedy for the State of Kansas.

THE COURT: One other point. You stated that, at
least one point in the motion and in your main briefs
seeking leave to the complaint, that Kansas always received
its full allocation of water. In fact, it hasn't
beneficially consumed all that was allocated. That has no
relevance on this motion, does it?

MR. COOKSON: Again, that does not go to the

issue the Supreme Court has put before us. I think that is
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an issue for a later date when we discuss, if there is any
claim for --

THE COURT: For damage --

MR. COOKSON: -- for surface water in which we
believe we will be able show they're none. But again the
issue before us is what did the express terms of the compact
say with regard to restriction of groundwater. And we
believe when looking at the plain, ordinary meaning, the
answer is in the negative, there is no restriction in the
compact on groundwater use.

Thank very much for your time.

THE COURT: Thank you very much, Mr. Cookson.

For the State of Kansas.

MS. STOVALL: Thank you very much, Your Honor.
It's a pleasure to be here to have the opportunity to
address you. It's also a pleasure to have the chance to
appear with my two distinguished colleagues, Attorney
General Salazar of Colorado and Attorney General Stenberg of
Nebraska. Attorneys General, as you might imagine, don't
very often get the chance to appear in court together. 1It's
hard enough to get our schedules together for meetings, let
alone for court. So it's nice to be here.

The Republican River Compact, as you know, signed
by President Roosevelt in 1943 after having been approved by

the state legislatures of Colorado, Nebraska and Kansas as
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well as Congress allocated the virgin water supply of the
Republican River Basin and allocated very specific amounts
of water to each state.

The virgin water supply was defined in Article II
as "the water supply within the Basin undepleted by the
activities of man."

It was Article IV that allocated the actual water
configurations. Colorado received 54,100 acre feet plus all
of two particular creeks. Nebraska was to get 234,500 acre
feet and Kansas was to get 190,300 acre feet.

I understand you don't have the original of the
map attached to the Bill of Complaint, is that right?

THE COURT: We would very much like to have that.

MS. STOVALL: We absolutely will make one
available and it's probably in the back of the courtroom.

THE COURT: We appreciate that. I, of course,
have it in the original Complaint but I would like to have
it. I think it would be helpful in my report, it would be
helpful to the Supreme Court.

MS. STOVALL: What helps with this map, Your
Honor, perhaps even you can see are, two delivery points
Kansas has, these two, Guide Rock and Hardy. We are
entitled to receive 138,000 acre feet at Guide Rock. And
whatever we don't take there we are entitled to receive at

Hardy, but we can call for Guide Rock, the first delivery
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point. And that's important --

THE COURT: We would like to have the original so
we can reproduce it in my report, so they have the whole
picture.

MR. COOKSON: We do have a copy of the original.

THE COURT: It also would be helpful to have the
map that went with the original Compact. I don't find it in
any of the briefs.

MR. COOKSON: We have that.

THE COURT: That would be helpful.

MS. STOVALL: What is important about
distinguishing those two delivery points, the first one,
Guide Rock, is right above the Kansas-Bostwick Irrigation
Project which relies exclusively on the water from the
Republican River Basin to irrigate those crops and, in
addition to that, downstream uses of that water from
Nebraska and the Republican River include municipal,
industrial and recreational use as well as additional
irrigation.

The total acreage, as you mentioned earlier, is 478,900 acre
feet subject to some calculations when the virgin water
supply is up or down by ten percent, not because of any
activities of man but because of the natural changes in the
hydrological cycle.

Those allocations are not modified in the Compact
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nor can they be read with any deference to logic or law as
granting those particular and specific quantities of water,
plus anything else that Nebraska can pump from the ground in
the Basin. The Compact governs all of the water in the
Republican River Basin, not just the waters confined between
the two banks of the Republican River.

As I understand Nebraska's position, it would
concede that diverting water from the River itself would
qualify as an activity of man depleting the river flow. But
anything other than that, according to Nebraska, would not
be requlated, governed, covered by nor subjected to any
terms of the Compact.

Colorado, the United States and Kansas all
disagree with that assertion. It would render the
Republican River Compact basically meaningless because the
significant depletions of the river come from groundwater
pumping, primarily irrigation. It will be my intention to
demonstrate to you, Your Honor, Nebraska's interpretation of
the Compact is not consistent with its language, nor with
any of the records or practices that are reflective of the
original Compact negotiations nor the practices of those who
have been charged with implementing the Compact throughout
these years.

This dispute is not new between Kansas and

Nebraska. The issues regarding this groundwater have been
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"on the table" at the Republican River Compact
Administration meetings since the mid-eighties, but because
any proposal has to have a unanimous vote, the issues have
not been able to see a resolution at the Compact meetings.
Back in the nineties, to head off the imminent lawsuit by
Kansas, Kansas and Nebraska agreed to mediate in
negotiations that lasted for about 14 months, but they
weren't in the end successful.

In 1998 I filed a lawsuit because there was no
other means to try to resolve the conflict. And the United
States Supreme Court, in accepting the case, understood
there was no alternative forum and the gravity of the issues
warranted their consideration. The standard of review in
the Motion to Dismiss requires the facts contained in our
Bill of Complaint be assumed as true. And I would like to
call your attention to some of those in particular.

Paragraph seven says that Nebraska has allowed
"the proliferation and use of thousands of wells
hydraulically connected to the Republican River." We must
assume for this purpose, that's true.

Paragraph eleven, Nebraska is allowing even now
"new wells and increased use of groundwater in the
Republican River Basin." even today.

The graph which appears at page eight of our Bill

of Complaint behind the map we mentioned earlier

33






=W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

demonstrates what that proliferation of those wells are and
the dramatic increase you can see through the '80s and '90s.
The Resource Management Assessment published in 1996 by the
Bureau of Reclamation and which is quoted in our Bill of
Complaint at pages two and four, quantified this increase in
the Republican River Basin by saying in 1949, a few years
after the Compact was entered, only 90,352 acres were
irrigated in Nebraska. By 1992 more than a million acres in
the Republican River Basin were irrigated. We can not
presume, Your Honor, that water to increase that additional
acreage came from increased rainfall. It had to come from
either the Republican River surface flow or from
hydraulically-connected groundwater. Those are the two
options there are, and in either case Nebraska has consumed
more than its share and Kansas has been shorted.

THE COURT: I am getting the picture that
Nebraska's argument is it comes from the Ogallala aquifer
that doesn't have anything to do with the Republican River
down below; it is a tremendous big body of water and doesn't
have anything to do with the Republican River.

MS. STOVALL: Your Honor, we believe Nebraska is
absolutely wrong in that regard but it's very
hydraulically-connected.

THE COURT: You are hanging your hat on those

words in your complaint that you say have to be taken as
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true, by allowing the proliferation and and use of wells
hydraulically-connected.

MS. STOVALL: We certainly think that there is
that hydraulic connection and we intend to prove, if we get
beyond this motion to dismiss, but for purposes of this you
must assume it's hydraulically connected.

THE COURT: I assumed that and perhaps I should
ask Mr. Draper to address this. We have tried to
familiarize ourselves with 105 and 108 to some context in
which this case arises but I am interested to know what
hydraulically connected, the consequences of hydraulically
connected, it can't be a one-on-one connection.

MS. STOVALL: That's a scientific matter.

THE COURT: I take it that pumping in the alluvial
groundwater has been treated as being hydraulically
connected one-on-one with streams falling in the Republican
river.

MS. STOVALL: I believe that's correct.

THE COURT: I would like to know more about, at
the appropriate time, what is the corresponding relationship
called hydraulically connected between upland pumping,
upland groundwater pumping, and the stream flow.

MS. STOVALL: The technology allows us to be able
to demonstrate today the connection, the modeling, the

computers are able to allow us to demonstrate what that is
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once we get past this motion to dismiss and we very much
want the opportunity to do that.

What I would like to do is talk about the actual
language of the Republican River Compact. We believe the
plain meaning of the contract applies applicable alluvial
groundwater, something Nebraska says is not included in the
Compact, groundwater immediately adjacent to the stream.

THE COURT: 1Isn't it troublesome that this Compact
was negotiated almost 60 years ago and wasn't it possible at
that time these experienéed water engineers saw the Ogallala
aquifer as one big body of water and they saw the stream
flow and closely-related groundwater as another water source
and "Never the twain shall meet"?

MS. STOVALL: There isn't any reason to believe,
based on all the records available, when they talk about
groundwater they simply distinguish, but we don't think that
other great big body of water, even though there wasn't
anything in the compact to restrict it, if in the future
while they didn't believe the connection in 1941, for
purposes of argument only, they would exclude that
possibility of including groundwater down the line. In
fact, the first time there are records discussing the
Ogallala in particular was in 1960, they say very
specifically we are not sure what the impact on the river is

but as soon as we figure it it will be counted. And there
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isn't any reason to think they didn't always intend to count
that. The minutes from those very early meetings in the
1940s talk about that. Mr. Burleigh talks about the
groundwater count, and there wasn't any separation between
alluvial and non-alluvial groundwater.

The United States and Colorado and Kansas all
acknowledge that alluvial groundwater is governed by the
compact.

THE COURT: Is the Ogallala water deeper, in other
words, that being a major development of pumps that can go
deeper since 1940. In other words, what I am asking you was
it practical in 1940 to pump out the Ogallala on a big
scale?

MS. STOVALL: I can't answer in terms of what was
scientifically possible or hydraulically possible. There
isn't any reason to think the extent of the Ogallala was
unknown at that time or anything in the Compact cut off the
possibility of including it once we were able to quantify
and determine that. It seems clear on the face that the
alluvial was considered all the way through. The United
States Supreme Court, as you recognize, has understood that
scientific principle of the connection and it was in the

Cappaert vs. US the court recognized the scientific

principle that "groundwater and surface water are physically

interrelated as integral parts of the hydrologic cycle."
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And I don't think there is any reason to think, even in the
forties, we would have believed there was not any connection
between that. There is nothing in the compact that would
say discount that possibility and didn't think there was a
connection.

Previous disputes before the United States Supreme
Court dealing with interstate water disputes, as we have
today, have ruled that groundwater consumption is governed
by compacts even when the word "groundwater" doesn't appear

in the compact. I point to the case of Kansas v. Colorado

which we have litigated extensively with our neighbor to the

west as well as Texas v. New Mexico. Those interpretations

of the U.S. Supreme Court included both alluvial and
non-alluvial groundwater.

THE COURT: The point Nebraska was arguing wasn't
raised in those cases.

MS. STOVALL: It wasn't raised, but had they
raised it, it wasn't included, I believe they would have
asserted it aggressively, but it wasn't, but neither
believed there was any merit for doing that.

Even Nebraska, Your Honor, when it sees fit to
make this allegation about the connection between
groundwater and stream flow does so when it is shorted. And

that's exactly what happened in the Nebraska v. Wyoming

case. And it was Colorado who was a party to that lawsuit
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who quotes from the Nebraska brief in the Colorado brief in
our case here and appears at page 13 of the Colorado brief.
And I quote from that from, the Colorado brief on page 13,
as it quoted from the Nebraska brief, "As the court has
held, it is impossible to separate surface water from
hydrologically connected groundwater. In most river
systems, surface water and groundwater are one and the same,
separated only in time. Typically, the surface flow of an
interstate river consists of tributary inflow and
groundwater accretions, with the latter most often providing
the most significant contribution, end quote.

Nothing in the Motion to Dismiss or the response
frees Nebraska from the bonds of this now inconvenient
premise in the Wyoming case -- that typically groundwater
pumping affects surface flows.

It is not the position of Kansas that the Ogallala
itself has been allocated by the Republican River Compact.
Nor are we asking for such allocation to take place. We
are simply asking for the current Compact, as written and as
approved in 1943, ask it be enforced. To enforce the
Compact, one must necessarily account for the use of any
hydraulically-connected groundwater against surface water
depletions.

THE COURT: I have a very important question. In

the Nebraska brief you just quoted the phrase is
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hydrologically-connected groundwater. In your Complaint you
say hydraulically connected. Can I use either term
interchangeably?

MS. STOVALL: I had a lesson last night.
Hydraulically is the most correct term. It applies to the
connection between groundwater going up to the surface flow,
the fluidity of water moving. Hydrologically applies to the
whole water cycle and everything that is related to the
science of water. So when we talk about the connection
between groundwater and surface flow, hydraulically
connected technically is the correct word although my great
advisors tell me I wouldn't get into much trouble using
hydrologically but hydraulically is technically correct in
that sense.

THE COURT: All the other counsel are going to be
able to argue, If they have a different view of it, I would
be glad to hear it.

I will follow the majority rule.

MS. STOVALL: Without enforcement of the Compact,
Nebraska is capable of simply shutting off the base flow of
the Republican River to Kansas by significant groundwater
pumping because the water in the Republican River, and
indeed in all rivers, has two origins -- groundwater
contributions and runoff from precipitation. With pumping

at certain levels, Nebraska could deplete the groundwater to
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such extent the base flow of the Republican is virtually
nonexistent, leaving Kansas only with runoff. And under
those circumstances, and in times of low rainfall and
drought when water is most needed, it would be most
unavailable to Kansas. I cannot over-emphasize the
seriousness of the allocation of this river and our need to
have equitable enforcement of it.

While the Compact is unambiguous on its face, and
its plain meaning requires offset of groundwater against
surface water depletions, if we do look to extrinsic
evidence, it makes it clear beyond question the negotiating
parties, and, later, the implementing officials administered
groundwater under the terms of the Republican River Compact.

Minutes of the fourth meeting of the Republican
River Commission on January 27 and 28 of 1941, which is
found at pages 14 and 15 of our brief, reflects statements
by Henry Burleigh from the U.S. Bureau of Agricultural
Economics, quote, Mr. Burleigh presented the Commission with
a tabular statement showing estimated amounts of underground
water available in the various basins in the Republican
River Basin in the three states and amounts of land to which
such water supplies could be applied within the economic
limits he had assumed."” Mr. Burleigh advised the Commission
that in view of the fact that numerous applications had been

made to his department by landowners throughout the basin,
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he was desirous of obtaining a statement from the Commission
as to whether the amounts of underground waters he had
determined would be feasibly possible of use, would excead
the allotments of water to each state which the Commission
may have agreed upon; that his department did not want to
recommend developments of underground water supplies in
excess of the allocations of water to each state.

"He advised this Commission his department is
advising with the United States Bureau of Reclamation with a
view of reaching an understanding concerning the scope of
future developments within the basin, both of surface and
underground waters so they would not be overlapping in
effect. Upon inquiry, Mr. Burleigh advised the commission
all of the underground waters of the basin" -- and if we
turn to the map, that's again in the Bill of Complaint,
comes below Hardy, the second delivery point of interest on
the eastern part of the map we have exhibited and all of
those groundwater supplies, the minutes go on to report, are
included within those computations. Mr. Burleigh referenced
as saying "any underground water developments must be
considered as reducing to that extent the amount of surface
water available for use within the basin. Within just a few
days of that meeting --

THE COURT: When the negotiators of the Compact

sat down to figure out what the virgin water supply was did
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they simply get all the data from the river flow gauges and
add them up, was that it? Or did they, in addition to what
the gages measured, was there some groundwater that was
pulled up and also would be available? How was Mr. Burleigh
adding here?

MS. STOVALL: What I can say, the commissioners
looked at the average of ten years to get the annual virgin
water supply average. And the only way to get that virgin
water supply to know what was in the Republican River,
incorporates groundwater, water that has already come from
the ground and is in the river. So groundwater accretions
are in those totals, that 478,000 acre feet.

THE COURT: By ground discharge it had become part
of the stream flow in the same way precipitation and surface
water had.

MS. STOVALL: The basic calculation included
groundwater accretions. To sit back and take Nebraska's
position now and say no groundwater applies means that we
would basically be having apples and oranges, basic
allocation of 478,000 acre feet that included groundwater
accretions but now not incorporated or calculated any
accretions which would mean we wouldn't be dealing with
that.

THE COURT: Groundwater accretion.

MS. STOVALL: It seems when you look at everything
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that appears in Colorado, a very well written brief, and our
brief and that of the United States Government, it seems
clear the extrinsic evidence shows at the time, in the
1940s, they knew they were talking about the groundwater and
frankly for this purpose whether it's alluvial or
non-alluvial, Nebraska's argument, Kansas and the United
States very strongly believe that the record shows both
alluvial and non-alluvial water was considered. But even if
we go beyond the extrinsic evidence, it is also clear
groundwater has always been included in what those
calculations are. 1In 1961 when the General Procedures were
established for calculating that virgin water supply, we see
in Appendix O of the Kansas' brief what the procedures say,
quote, Irrigation diversions from groundwater shall be
limited to those by wells pumping from the alluvium along
the stream channels. The determination of the effect of
pumping by tableland, or Ogallala, wells on the flows of the
streams in the Republican River Basin must await
considerably more research and data regarding the character
of the groundwater aquifers and behavior of groundwater flow
before even approximate information is available as to the
monthly or annual effects on stream flow." It didn't know
how to figure it in. This was in 1961 and that was part of
the General Procedures of the Compact procedures.

Now at the outset they knew alluvial would count
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and whatlthey would be able to determine scientifically,
then the Ogallala would also count as well. Nebraska has
agreed with Colorado and Kansas until about the mid-nineties
alluvial water was to be counted and they provided that
information to the Compact Administration. It was in about
the 1980s, the states received information from the United
States Geological Survey, it became very clear the effect of
the Ogallala pumping on the stream flow. It was at that
point in time Nebraska began stepping back then from the
previously consistent position of including alluvial water
in the calculations to say, no, I don't think we better be
including any groundwater, the Compact speaks only to
surface water, denying their own history and what their own
Compact administrators had been authorized.

For Nebraska to say that the almost 40 years of
actions by the Compact Administrators, one of whom was from
Nebraska, to conclude groundwater computation was outside
the scope of authority is just simply hard to fathom.
Nebraska cannot be successful in claiming that two Kansas

Supreme Court cases and our amicus brief in Sporhase

undercut our position here. 1In neither State ex rel

Peterson v. Kansas State Board of Aqriculture or State ex

rel Emery v. Knapp did the Kansas Supreme Court conclude
what Nebraska alleges it did. The former case dealt

exclusively with a water dispute in central Kansas and did
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not even mention the Republican River Compact and it has no
relevance.

The latter case of Emery v. Knapp did deal with

the Republican River Basin but the relevance of that case is
there because that case dealt with the constitutionality of
the 1945 Water Appropriations Act in Kansas which gave
authority to the chief engineer to requlate groundwater as
well as surface water.

Finally, the amicus brief in Sporhase, signed onto
by Kansas officials at the behest of Nebraska, is neither
detrimental to the position we take nor is it inconsistent
with our position. The brief never talks about the
Republican River Compact and simply dealt with other issues
that aren't before us today. Nebraska's attempt to
metamorphize a signature on an amicus brief in 1982 into a
statement of intent of the Compact negotiators in 1941 has
to fail.

The plain meaning of the Republican River Compact
requires one to include within each state's calculations of
the water beneficially consumed, any and all
groundwater, whether alluvial or non-alluvial.

To conclude otherwise, renders meaningless a
contract entered into by three states, approved by Congress
and ultimately signed by the President of the United States.

To conclude otherwise would be inconsistent with
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prior decisions of the United States Supreme Court as it has
been called upon to interpret compacts apportioning water
between and among states and to conclude otherwise would
require the High Court to ignore the science of both
hydrology and hydraulics which are generally accepted as
sound scientific principles.

Looking outside the four corners of the Compact,
one discerns quickly and unequivocally the framers of the
Compact and its subsequent implementors intended to and did
succeed in administering groundwater, both alluvial and
non-alluvial, by the terms of the Republican River Compact.

Nebraska's argument the Republican River Compact
does not require hydraulically-connected groundwater to be
offset against a state's allocation of the Republican River
squares not with the intent of the negotiators of the
Compact, not with the language of the Compact, not with the
meaning of the Compact, not with the practices of those
implementing the Compact or with relevant science. Simply
put, and I can't help myself, I must say Nebraska's argument
does not hold water, Your Honor.

Kansas respectfully asks you to find in the
affirmative the question asked by the United States Supreme
Court given to you, that the Compact does restrict state use
of groundwater, and you find no basis exists for Nebraska's

Motion to Dismiss. Thank you.
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THE COURT: Thank you very much. For the State of
Colorado.

MR. SALAZAR: For the record, Ken Salazar for the
State of Colorado and appearing with me is Alexandra Davis
and our state engineer is also here with us in the audience.

Your Honor, this Complaint was filed by Kansas and
alleges no breaches of the Compact by the State of Colorado
and so we played a role through monitoring the case.
However, based upon the question that was asked by the
Supreme Court and also based on the position that has been
taken by both the State of Kansas and the State of Nebraska,
this case very much affected the interest of the State of
Colorado on the Republican River. And I believe the way in
which you answer the question before you today will take us
down a path which will consist of litigation that will
remain with us for decades and decades; or, on the other
hand, it might give us the kind of guidance we need to get
the final resolution of the dispute behind us.

We have been the subject of many lawsuits. We
have nine Compact rivers and two treaty rivers. And this
Compact on the Republican River is one which is very
important to us. And the one thing I want to avoid as the
Colorado Attorney General is getting us to another round of
litigation that will go on for several decades. As you

probably are aware, we are currently in our fourteenth,
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fifteenth year in our lawsuit with Kansas, fifteenth year
with Nebraska. And so having said that, I think that how
you decide this question will ultimately determine how we
are able to move forward in an expeditious manner in this
case.

Colorado's suggestion what should be awarded by
this court is that what you do is to adopt the essence of
the approach which has been taken by the three states in the
states' interpretation of the Compact administration's
interpretation of the Compact over a very long period of
time; and that is there are alluvial groundwaters which are
included within the terms of the Republican River Compact
with the Ogallala groundwaters not included in the
allocations made in the Republican River Compact.

THE COURT: The first would lead to a quick
conclusion of this case. At least, that is limiting it to
the alluvial groundwater pumping. On the other hand, if you
opened up to the Ogallala pumping being restricted by the
Compact, then we will have years of litigation. That's the
point you are making at the outset, as I understand you.

One is an easy course; the other one is a lengthy one, as I
see it.

MR. SALAZAR: One may be an impossible course to
try to come back in and figure out what kind of calculations

would be made in the Ogallala in compliance with the
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Republican River Compact. It is something which I am not
sure science at this point can give us that particular
answer because the science of the Ogallala is still being
studied. On the other hand, if you look at what the states
have done in the terms of the way they have administered the
Republican River Compact over several decades they have
recognized they're differences in the kind of groundwater we
are talking about and they have talked about including
alluvial groundwater in the calculations they have made for
each of the respective state's consumption. They know what
they have been talking about and it's very consistent with
what the framers were talking about when they negotiated the
Compact in the Republican River. 1In the correspondence that
went back and forth, including some admission from Colorado,
it was clearly stated that we were also addressing the issue
of groundwater. But back in those days of the 1930s and the
early 1940s there was not at all the kind of understanding
that we now have about the connection between surface
streams and certain kinds of groundwater. And indeed the
economics of the Ogallala aquifer and the pumping from the
Ogallala aquifer make it very conceivable and, in fact, it
is our position they did not intend to include the Ogallala
aquifer in their calculations on the allocation of the
Compact.

I want to make this one last point. That is, this
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issue of what is included and is not included is a very
difficult issue we have struggled with in the history of
water loss across the west for many, many decades. For us
in Colorado in 1965 we passed the Colorado Groundwater
Management Act which helped us get an understanding how we
administer the different kinds of groundwater there is. We
have always, from 1965 forward, in the administration of our
water in the state recognized there was a very significant
difference between the alluvial groundwaters of the stream
and the designated tributary waters to the stream and which
are administered under a prior appropriation system and
other kinds of water that have minimal impact on the surface
stream of those underground waters that pump. And so we
have a classification of water called non~-tributary
groundwater and designated groundwater because those waters
have an impact on the stream.

And so our position we urge upon the court is set
forth in our brief and that is that the alluvial
groundwaters are to be included within the calculation of
the Republican River Compact, and, on the other hand, the
Ogallala groundwater pumping is not included within the
terms of the Compact.

THE COURT: That is awfully hard to jibe with the
language of the Compact which doesn't mention either kind of

groundwater. It just speaks about waters, the water supply
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of the basin. I see a practical distinction between the two
types of groundwater, but how do you get that distinction
out of the language which says, without mentioning any kind
of groundwater, why did it involve support for the Nebraska
position that no groundwater is included in the Compact,
perhaps unfortunate, but that the parties negotiated or
perhaps the administration came to a practical solution of
the question in 1961 but it isn't dictated by the Compact.
MR. SALAZAR: I think first when you look at the
extrinsic evidence related to the Compact, as Attorney
General Stovall indicated, there is, in fact, very
significant references made to the inclusion of groundwater.
And so it is our assumption, and we argue in our brief,
groundwater wasn't included in the Compact. If you arrive
at that conclusion, then it's ambiguous whether or not the
Ogallala aquifer contribution should be included or not. It
seems to me that in the context of that ambiguity, the rules
of statutory construction which have been argued in the
brief, that way you only have to look at how this river and
this Compact have been interpreted by those people closest
to the administration of this Compact. What they have done,
they have taken a look at the alluvium and the number of
wells and the pumping from the Republican River and included
those in the calculation with respect to the allocation of

the states. So I think it's the interpretation by the
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states through their actions for the last 20, 30, 40 years.

THE COURT: But they haven't said we are not going
to include anything beyond the alluvial groundwater
pumping. They said, rather than saying that, we have got to
get further information. I can't see we draw very much from
what the administration has done or has not done since 196l.
In fact, year after year they have repeated that same
language, we are going to do something about the upland
groundwater pumping as soon as we get some data, isn't that
what they have said year after year?

MR. SALAZAR: My sense of what they have done is
year after year there has been disagreement how you include
alluvial groundwater within your calculations. And Nebraska
and Kansas have not always agreed about where the alluvial
exists, what is the extent of the alluvial you have included
in the calculation, is it a narrow band, is it a broad band,
but from a geological and engineering point of view, it is a
relatively easy thing to come up with a determination of
what this alluvial looks like, it's water that is pumped
from that alluvial around the Republican River we feel is to
be included within the allocation. And I would like to give
the rest of my time, if I can, to my Assistant.

THE COURT: Thank you very much. Miss Davis.

MS. DAVIS: Good afternoon, Your Honor. For the

record, my name is Alexandra Davis, Assistant Attorney
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General for the state of Colorado.

And I would like to start with the last question
you just asked which was why didn't the subsequent
administration of the Compact have anything to do with the
interpretation of whether the Ogallala aquifer is included
or not. The language that was cited from the 1961 minutes
and continued on in terms of we don't have enough data, we
don't have enough information, is language that is
indicative of the lack of certainty in the Ogallala aquifer
and that lack continues today, but the Compact was not
intended to be an open-ended document. It was not intended
to be continuously interpreted over the next fifty to
hundred years as we gather data.

One of the major purposes of the Compact was to
provide certainty of the intent and obligation of the
states.

I would like to back up just a little bit and say
we, Colorado's position is that the Compact is ambiguous.
Article II of the Compact states that the term virgin water
supply, which is what is allocated under the Compact, is to
be defined to be the water supply within the basin
undepleted by the activities of man. That does not include
nor exclude groundwater. Therefore, in terms of
interpreting this Compact and determining what is meant by

the virgin water supply it's important to go to the
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historical documents, to the extrinsic evidence, what the
Compact framers intended.

The question before this court is whether the
Republican River Compact restricts the use of groundwater.
And actually what that question is is what did the framers
intend to include in that.

THE COURT: Do you find in these extrinsic
materials any distinction drawn by the drafters between the
two kinds of groundwater.

MS. DAVIS: Yes, there is no question the
engineers, the USGS engineers and the engineers for the
states, understood the Ogallala aquifer existed, that it was
a large body of water and that they they believed it was a
separate body of water. There were various economic
problems in creating wells that could reach that water and
that the allocation of the water of the Republican River
included underground water supply. And so Colorado is very
clear those extrinsic documents made that separation. The
historical document, well, the question -- I am going to
discuss two areas to answer the question before the Court.
The historical documents evidence the framers' intent and
the subsequent administration of the river under the
Compact. The historical documents clearly demonstrate the
intention to include alluvial groundwater in the virgin

water supply. These documents and the subsequent actions of
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the state over the past forty years confirm the fact the
Ogallala aquifer was a separate body and was not intended to
be included.

It is important to keep in mind that the framers'
intent can probably only be determined through the 1940s.
Even today we don't fully understand the Ogallala aquifer.
However, what we know now about that aquifer is irrelevant.
Today's understanding and knowledge of the aquifer won't
inform us as to the framers' intent in the 1940s. What will
delineate intent is the commissioners' knowledge of the
Republican River Basin in 1941 when the terms of the Compact
were first agreed to.

THE COURT: Why, again coming back to the Kansas
position, to which you are opposed at this point, why should
there be any difference between the two kinds of groundwater
if both caused depletion of the Republican River stream flow
in some part, either one-on-one or five percent?

MS. DAVIS: Your Honor is correct if there were an
hydraulic connection between the Ogallala aquifer and the
Republican River Basin, it would not be a one-on-one
connection. And that's one of the compexities that is posed
by Kansas' position.

THE COURT: But it's just a factual proof
complexity, isn't it. It isn't a philosophical, there isn't

a matter of principle to distinguish the two kinds of
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groundwater.

MS. DAVIS: Well, there is, there is in the sense
the primary goal and the primary result of the Compact was
certainty and the Compact commissioners did not understand
the Ogallala aquifer in the 1940s. So how could they have
created a compact that allocated a resource they didn't
understand.

The fact that -- let me back up a little bit, the
most important goal of the Compact was certainty because the
Compact was created for three primary purposes, to prevent
devastating floods taking place, to allow federal
development, federal monies invested in and provide
certainty to the states regarding the obligations and
entitlements to the waters to the Republican River Basin.

Without this certainty to entitlement between the
states the federal government would not invest the necessary
money to water departments to promote development and
prevent floods. Accordingly, the goal of certainty
underscores the fact the Compact had to address the
resource as was known in 1940.

The Compact commissioners in 1941 could only
allocate a resource they understood in order to accomplish
certainty. They knew that there was water available in the
very deep wells but they did not believe there was a

potential connection between the agquifer and the wells at
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that time. They didn't understand the aquifer. And this
knowledge is clearly stated in the minutes that were cited
to you by General Stovall from the 1961 minutes of the
meeting, that the commissioners did not have enough data or
information to address the aquifer 20 years after the
Compact was written.

So to believe that the Compact addresses the
Ogallala aquifer one has to believe that the commissioners
included a resource they knew they didn't understand. And
to propose they intended to include the aquifer in 1941
suggests they entered into a Compact with a huge
questionmark, a compact that was unclear as to the
obligation to the states that would change dramatically as
knowledge and technology changed.

It is more logical the original Compact
commissioners drew a simple but effective line at alluvial
groundwater. They understood alluvial groundwater in the
1940s and understood its connection to surface flows in the
1940s. To include allocations of the Ogallala water and its
impact surface flows, no matter how minor that impact might
be, no matter whether it's five percent or one percent or
two percent is even today a very complex matter. Each well
is a different distance from the stream. Hydrology as well

as geography would have to be determined for each well. 1In

Colorado --
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THE COURT: Is that what was going on in 105
Original?

MS. DAVIS: I am sorry. I don't know that case
as well as this one so I hate to talk about that case here.
I am not the attorney on that, but they had a huge fights
over the groundwater model and used extensive new technology
Colorado right now pumps about 450,000 acre feet of water
from the Ogallala aquifer and to determine how much of that
water is hydraulically connected to the Republican water
surface would require a massive groundwater model. The
groundwater model that engineers use is new technology.

It's still debatable technology and wasn't available in the
1940s. The magnitude of any impact --

THE COURT: Again, I don't want to argue with you,
but it troubles me in 1961, that's exactly what the
engineering committee said and what the administration said,
this is very tough, we have got to know more about this but
we are going to go ahead and as soon as we do know more
about it we are going to include it in the allocation.

Isn't that what they said.

The Compact doesn't exclude it so we have to be
open-minded and if the science shows it has depleted the
river flow, we have to take it into account.

MS. DAVIS: They did not say they included it once

they learned more about it.
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Again, the quote is, the determination of the
effect of pumping by tableland wells on the flows of the
streams in the Republican River Basin must await
considerably more research and data regarding the character
of the groundwater aquifer and the behavior of the
groundwater flow before even approximate information is
available," but they didn't take that next step to say once
we know we are going to include it in the allocation.

THE COURT: Why are they wasting their time
talking about it then?

MS. DAVIS: Well, I think it's important to
understand for the region as a whole and for all the
groundwater development what is going on in the groundwater
planning.

Article IV of the Compact presents further
evidence of certainty which only can only be accomplished in
the virgin water supply which includes only alluvial
groundwater. Alluvial groundwater, under IV, each state has
an obligation to limit its consumptive use of water,
Article IV sets forth the specific consumptive use amounts
for each state by tributary and each state must annually
calculate those consumptive amounts for each stream.

If Kansas were correct, any Ogallala water that
may be hydraulically connected were to be included, each

state would need to determine what wells and to what extent
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those wells pumping the water were hydraulically connected.
This would require extensive and complex technical studies
that would be difficult and extremely expensive to do today.
In the 1940s, calculating the effect, if any, of the
Ogallala aquifer wells on the Republican River was
absolutely an unknown science. How could they have
calculated the Ogallala aquifer well pumping consumptive use
when they don't know how to measure it in connection with
the Republican River. The complexity of the task creates a
Compact that even today states would be hard pressed to
comply with and the framers of the Compact certainly did not
intend to create a Compact they couldn't abide by
immediately.

The second result of the Compact demonstrates the
Ogallala aquifer was not intended to be included in the
Compact is that the Compact allocates a consumptive use of
water. As clearly set forth in Article I of the Compact,
the Compact purposes was to provide equitable division of
virgin water.

The argument the Republican River Compact includes
the Ogallala aquifer water fails when one compares the
numbers, the amounts of water available, the size of the two
structures. The numbers simply fail to add up. They're
approximately 3.2 billion acres of water in the Ogallala

aquifer. The Republican River Compact apportions less than
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500,000 acre feet.

THE COURT: I heard that point was made. And it
seems to me that Kansas's point, Kansas isn't making any
claim to this whole great big body of water, it's simply
saying if you draw down that water so as to reduce the
Republican River flow, that's got to be reflected in the
allocation, it's not the millions and millions of acre feet
of water.

MS. DAVIS: Actually, it is the whole aquifer
because the whole aquifer is connected and pumping of the
aquifer water in Nebraska may affect Wyoming or it may
affect Colorado and Kansas' pumping may affect Colorado. So
you can't cut out a small section of that aquifer and say --

THE COURT: It may be the only thing that Kansas
has any complaint about is the way it affects the Republican
River, that the draining down of the Ogallala aquifer may
affect Wyoming and Texas but it's only the measurable, if
there is any measurable, effect on the Republican River that
is taken into account.

MS. DAVIS: Your Honor, that's the problem is
that it's not, it's not technically possible, it's not
legally possible to distinguish, to measure only that
aquifer pumping.

THE COURT: That isn't for me to decide. I don't

decide this motion on that, because it's technically
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difficult, that is the problem for Kansas if they get down
to proving it. Again, on page ten of the brief of Kansas
that sets forth, "For purposes of this motion, it's admitted
that groundwater conumption in Nebraska is depleting the
surface flows of the Republican River." Do you disagree
with that? For purposes of this motion we have to assume
that's the fact, that pumping of groundwater both from the
Ogallala and from alluvial is depleting the surface flow of
the Republican River.

Now, if Kansas defeats this motion, assuming they
do, they are going to have to prove that so far as the
Ogallala Basin is concerned, but that's not the point.

MS. DAVIS: Your Honor, the legal question of what
the intent of the framers was is before you and we would
ask, Colorado would ask you deny the Motion to Dismiss with
the finding that the intent of the framers was to include
alluvial groundwater but not to include Ogallala
groundwater. The intent of the framers was to create a
Compact that could be administered, that could be complied
with with certainty. And clearly --

THE COURT: You think in 1943 that the makers of
the Compact left one hole, I won't say whether it's a big
hole or a little hole, a little hole by which one party to
the Compact could draw up a whole lot of water from the

stream flow of the Republican River by pumping groundwater
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that was hydraulically connected to the Republican River --
yes, they could because they didn't know how to figure it at
time. Wouldn't they want to close any hole of that sort?

MS. DAVIS: Your Honor, the magnitude of that
impact is small when you compare it to the immense
uncertainty and administrability of the Compact, if it were
to include something that they didn't even understand. So
yes, Your Honor, they did intend to leave that out.

The second area that answers the question of
whether the framers intended to include in the allocation --
we touched on this briefly -- is the subsequent
administration of the Compact.

We believe significance must be given to the
actions of the state over the past 40 years in their attempt
to comply with the Compact. The states®' very actions
confirm their understanding the alluvial water was
included. And all three of the states have wells that pump
significant amounts of Ogallala aquifer water and yet no
state has ever included the consumption of those wells in
their distribution allocations under the Republican River
Compact.

The Compact was first administered in 1960. The
minutes of the meeting clearly state that the deep wells in
the Ogallala was not included in the allocation and that has

not changed for years. Even if we assume a small part of
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the Ogallala aquifer does impact the surface flows, no-one
knows how to calculate that impact. They did not know how
to administer such a Compact and they did not know how to
administer such a Compact in the 1940s. The Ogallala
aquifer water is seen as a separate entity and the inclusion
of the Ogallala aquifer water would be incorporating a new
element into the Republican River Compact. The intent to
include apportionment of the water supply by only including
alluvial groundwater, there must be quite a certainty to the
states regarding the obligations of entitlement supported by
the past 40 years of operation.

The problems raised in this suit is that Kansas
seems to stretch the terms of the Compact to include
groundwater from the Ogallala aquifer. If the facts known
today lead us to the conclusion pumping of the Ogallala
aquifer is impacting the surface flow to the Republican
River, a new Compact may be in order. However, if the
Ogallala is included under the current Compact a new ball
game has begun and no-one here knows the rules. The court
will not just be interpreting the Compact as it's written
but it will be required to create a new Compact.

I would like to quickly, before I conclude, answer
a couple of questions that had been raised earlier. You
asked if they saw the Ogallala aquifer 60 years ago as one

big body and the Republican River as another body. You have
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referenced Mr. Burleigh of the Bureau of Agriculture and
Economics and he treated the Ogallala aquifer as different
from the alluvial. It had very little recharge. The
Ogallala recharged itself at a dramatically slower rate,
hundreds of years slower than the alluvial does. It was
economically unfeasible to pump at that time due to the
depth and cost of pumping, and the long term economic
consequences of depleting the aquifer were not yet
understood and still aren't totally today.

You had also asked if groundwater pumping was
included in the data that was given to the Compact
commissioners and, in fact, it was. Irrigation use was
relying on 16,433 acre feet and municipal and industrial
uses were 7,189 acres and that's also contained in
information from Mr. Burleigh of the --

THE COURT: 1It's all alluvial groundwater.

MS. DAVIS: Yes, I believe that's the case. One
of the statements that Mr. Burleigh made that I sort of
glossed over, was that the Bureau of Reclamation stated
irrigation by recovery of groundwater, alluvial stream
channels was recommended for 125,000 acres of land located
along the main Republican River.

In conclusion, it is this Court's job to implement
the intent of the framers rather than create a new Compact

and a new allocation of the Ogallala aquifer, but it has
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always been interpreted to include alluvial groundwater.
The Court should find the Republican River Compact restricts
a state's consumption of alluvial groundwater and no more.

Thank you Your Honor.

THE COURT: Thank you very much, Miss Davis.

For the United States, Mr. Boling.

MR. BOLING: Thank you, Your Honor. Your Honor, I
will try to be brief. Directing the discussion back to the
language of the Compact, where the United States argues is
the principal place, the United States maintains that the
Republican River Compact restricts the states' consumption
of groundwater that contributes to the virgin water supply,
as that term is defined in the Compact, of the Republican
River Basin as that term is defined. But first and
foremost, let's return to Article I of the Compact, the
purposes of the Compact. The major purpose as explained in
there is to provide for the most efficient use of the waters
of the Republican River Basin, to provide for an equitable
division of such water and to promote joint action by the
states and the United States in the efficient use of waters
and the control of floods. Exclusively, the purpose of this
Compact was to serve as a living document for the
administration of the waters of the Republican River Basin
for their future development.

Article II defines the salient terms. The basin
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is defined as all the area in Colorado, Kansas and Nebraska
which is, quote, naturally drained by the Republican River

and its tributaries" and the virgin water supply is defined
as "the water supply within the basin."

Article III goes on to apportion that water
supply. It states the specific allocation of acre feet of
water, hereinafter made to each state, are derived from the
computed annual average of virgin water supply which it does
by reference to the basin of stream flows. These stream
flows necessarily consist of both surface water run-off and
groundwater discharge. This is a scientific principle that
was well established. It has been recognized by the Supreme
Court and was apparent to the negotiators and in the
subsequent administration of the Compact.

Now Nebraska is correct that the Compact
appropriates surface water and does not identify groundwater
in and of itself a separate resource. However, Kansas is
entitled to relief from the the Supreme Court if it can
demonstrate, as a factual matter, that Nebraska's
consumption of groundwater has resulted in Nebraska's
exceeding its Compact allocation of the virgin water
supply. For purposes of this Motion to Dismiss Kansas'
factual allegations are assumed to be true, the key factual
allegation already having been identitied as paragraph seven

of their Complaint. Their Complaint, Kansas' Complaint,
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says that Nebraska has taken more than its apportioned share
of the virgin water by intercepting groundwater that is
hydraulically connected to the Republican River Basin and
its tributaries. This complaint is based on well-founded
hydrologic principles the Supreme court has recognized.

Your Honor, we cite the Cappaert decision in which the
Supreme Court recognized the groundwater and surface water
are physically interrelated as integral parts of hydrologic

water. That is Cappaert versus United States at 436 U.S. at

132. The court specifically relied on this principle in
ruling that the petitioners had unlawfully depleted federal
reserve surface water by pumping groundwater. The
scientific and legal sources predate the Republican River
Compact and contemporaneous with the negotiation recognize
this relationship between surface water and groundwater.

THE COURT: I don't really get into that question,
do I. 1Isn't that assumed on this Motion to Dismiss. Again
Kansas, page ten, for purposes of this motion, groundwater
consumption in Nebraska is depleting the surface flows of
the Republican River.

MR. BOLING: Yes, Your Honor, but it is part of
the public record and the record this court must construe in
terms of interpreting the terms of the Compact.

THE COURT: Looking back at what was in the mind

of the drafters of the Compact.
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MR. BOLING: Exactly. And, Your Honor, I refer
repeatedly to Mr. Burleigh's report. I would note we agree
with Attorney General Stovall, her distinction between
hydraulogy and hydrologic. Mr. Burleigh in the first
comment of the negotiation minutes there -- and here I
quote -- advise the commission that all the underground
waters in the Basin are included in the total water supplies
of the Basin as reflected in measurements of stream flows at
Scandia and other points of the Basin. In other words, it
was not identifying groundwater unrelated to the streams as
being total water supply but as hydraulically connected to
the streams. And Mr. Burleigh went an extra step to request
that the commissioners provide him with a statement as to
whether the amounts of undergroundwater that he, in his own
studies of the development potential of the basin, determine
what feasibly possible use would in the opinion of the
commissioners exceed the allotments of water they were
negotiating at that time. And he did obtain such a
statement from the commissioners. Kansas has quoted it in
its brief.

THE COURT: The 478,900 figure would cover
anything that might come from the groundwater, is that what
he was checking up on?

MR. BOLING: Presumably, Your Honor, the

commissioners at that time were, based on the science as
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they understood at that time, were making their best
estimate of the relationship between that proposed, that
groundwater development and its effect on the streams.

THE COURT: How do you deal with Colorado's
position that the Ogallala aquifer and its effect on the
Republican River stream flow was so remote they couldn't
have that particularly in mind, they were just talking about
alluvial groundwater pumping?

MR. BOLING: We must construe the Compact as
written. The Compact refers to the waters at the basin.
And the concern of the Compact was the relationship between
those waters and the stream flow. The Compact
administrators may have at that time -- and later it's
documented, I believe -- that the Ogallala had a fairly
negligible influence on stream flows, but the core concern
is the hydrologic relationship and the effect of groundwater
pumping on the stream flow. We disagree with Colorado's
proposal that the Court somehow for itself create a
distinction between the alluvium and the Ogallala. The
question is whether there is a hydrologic connection,
whether as a factual matter, Kansas can prove that that
hydrologic connection in 1961 the Republican River Compact
Administration documents, which Kansas and Colorado discuss
do, as Your Honor noted, indicate that they were continuing

to consider the effect of those, as they refer to there,
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table land wells on the stream flows in the Republican River
and in its tributaries. The fact that is a continuing area
of scientific research undoubtedly as to the exact
relationship between alluvium and stream flows, that itself
does not answer the question for this court. The court has
before it a Motion to Dismiss on the simple question of
whether any groundwater is included under the Republican
River Compact and there we submit the text of the Compact
answers that.

The text of the Compact indicates that a state's allocation
of the virgin water supply includes groundwater consumption
that reduces the basin's stream flow. You must have
hydraulic connection. It indicates in the discussion of the
virgin water supply as being the water supply within the
basin undepleted by the activities of man and its definition
of basin, which is an inclusive definition, does not exclude
anything. It says "All the area in Colorado, Kansas and
Nebraska which is naturally created by the Republican River
and its tributaries.” Under these definitions a state
depletes the virgin water supply.

THE COURT: That part of the definition of
the virgin water supply which limits the basic geographical
limits of the basin, the lanqguage of the definition right in
front of you,

MR. BOLING: Yes, Your Honor. In Article II --
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THE COURT: "The water supply within the basin
undepleted by the activities of man", would that go beyond
that rather defined geographical area as shown on the map we
had on the screen a while ago?

MR. BOLING: Your Honor, there may be an
opportunity for future litigation regarding the potential
inconsistency of that periphery of that delineation between
the text of the Compact which refers to all the area of
Colorado, Kansas and Nebraska which is naturally drained by
the Republican River and the delineation of that drainage
basin by reference to a map. Because theoretically there
may be an area reaching outside that delineation that is by
its hydraulic connection to the Republican River literally
drained by the Republican River. That is a factual matter
for future litigation. For our purposes our primary concern
is that the term --

THE COURT: What I am saying is, you would include
only pumps that were located within the bounds that would
drain by the Republican River and its tributaries.

MR. BOLING: No, Your Honor, the United States
would say if the water usage is hydraulically connected to
the Republican River such that it is in an area drained by
the Republican River then -- and it can be proven as such as
part of this Compact, we do possibly, you may have a well

that is outside of that area, they may have erred in their
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delineation is my point, Your Honor, but the fundamental
question --

THE COURT: Could a well in Colorado or a well in
Texas that entered the Ogallala aquifer would that
affect the stream flow in the Republican River?

MR. BOLING: That's a technical question I will
defer to the experts but I hazard a guess perhaps, Kansas
has not joined Oklahoma or Texas as part of this
litigation. I don't believe their claims reach that far.
Now the Compact does not apportion groundwater to create an
enforceable restriction on groundwater. Rather, it does so
by operation of its terms. The Compact limits consumption
of virgin water supply. If the Republican River Basin
stream flows consist in part of groundwater discharge and
the state allows its citizens to pump groundwater that
reduces those groundwaters then the state must include that
groundwater consumption as part of the Compact, the state's
allocation. Now this is not an equity argument as Nebraska
claims. And referring to the United States' argument this
is a legal argument regarding the effect of the Compact
entered into to provide for, and I refer back to the purpose
of the Compact, the equity division of the water of the
Republican River Basin. This is designed to settle all
issues with regard to the use of water, not for purposes of

assuring that stream flows could be relied on in location of
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and development of federal surface water delivery
facilities. 1It's improbable that the commissioners would
have considered the Compact as meeting its stated purposes
if the states remained at liberty to circumvent these
allocations merely by intercepting groundwater that would
otherwise discharge in the streams.

With regard to the Republican River Compact
administration and the history of this administration, I
don't know more can really be added. But the text that Your
Honor has referred to which is reproduced at page 97A of the
United States brief indicates that the Compact commissioners
in 1961 and throughout the history of the Compact considered
an open question to the relationship between tableland wells
and stream flows in the Republican River and tributaries but
did not exclude consideration of any groundwater wells but
simply left it for further determination on that issue.

If the Court has no further questions, Your
Honor, I think I will rest on that.

THE COURT: Thank you very much, Mr. Boling. For
rebuttal, Mr. Cookson.

MR. COOKSON: If I could, Your Honor, I would
like to address a couple issues I think perhaps to clarify.
We have heard a lot from all of the parties. What we haven't
heard from anybody, besides the United States, nowhere in

the express terms of the Compact is a there restriction on
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the use of groundwater. Everyone on Nebraska's motion has
talked about including groundwater in the Compact and yet
they point to no word in the compact which restricts its
use. It's important to remember under Kansas' theory if
Nebraska used its allocation of surface water exclusively
Nebraska would be prohibited from using groundwater anywhere
within the Republican River Basin or outside of the basin to
the extent it's hydraulically connected. It's important to
remember that when you talk about hydraulic connection
Mother Nature does not recognize the arbitrary boundaries
that have been drawn by the Compact commissioners in 1943.
The aquifer extends so far so the well owner on the North
Platte, north of the Republican River, may draw from the
Ogallala aquifer again should be counted against Nebraska,
it is an absurdity to say the Compact restricts those
groundwater users outside the basin from using groundwater
even though that groundwater is hydraulically connected
which is exactly the result if you adopt the Kansas
interpretation of the Compact. More importantly, going back
to the question that was framed by the Supreme Court the
Supreme Court did not ask whether groundwater was included
within the definition of virgin water supply. It could have
asked us to answer that question but it did not. It asked
does the Compact restrict groundwater use. And a reading of

the four corners of the document makes it clear it does not.
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Mr. Boling's arqument pointed the very words used
by the Compact, "waters of a basin drained by the river and
its tributaries", but the definition of "drained" at the
time the Compact was negotiated and drained today to remove
surface water or discharge surface water by means of streams
and tributaries -- so again the very word of the compact
does not address groundwater. The case of New Jersey versus
New York makes it clear silence on the issue such that it
does not create ambiguity because we relate to the
background law and as we have the background law, the states
treated the water differently. And, in fact, in the
McCarran Amendment adopted in 1952, and it is a federal law,
the Supreme Court rejected the United States' proposal,
interpretation of that amendment to require the inclusion of
implied hydraulically-related water source in the absence of
an express provision in the statute. 1In 1994 the United
States, in the Ninth Circuit Court of Appeals, excuse me, in
referring to the Supreme Court decision, quoted the decision
where the Supreme Court rejected the contention that a
comprehensive adjustment required all hydraulically-related
water as being almost frivolous, Justice Douglas. The
Colorado River touches in seven states. The Ogallala
aquifer, which Kansas would argue is
hydraulically-connected, touches in eight states. So again

you have to draw a line. And to do that we must look to
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what the Compact commissioners said in the plain ordinary
meaning of the terms. The Ninth Circuit pointed out there
was no case law or statutory text or legislative history
specifically required groundwater to be implied in
adjudication of the river system. Likewise, no-one has
cited any case law, statute or other authority to support
the implied inclusion or implied restriction of
hydrologically or hydraulically-connected groundwater in the
Compact. In fact, the only authority they cited for that
proposal is a 1976 United States Supreme Court case which
was not in effect in 1943 nor was it recognized and it was
the states' statutory law and case law in each of the states
and the federal government does not recognize that
connection. Nor do they cite any authority for that
proposition.

Again, in addressing the McCarran Amendment which
talks about adjudication of a river system or in this case
which is similar to a river basin, the court recognized the
United States' argument to succeed the river system must
include not only water of the river but the
hydraulically-related groundwater as well.

In a question, the Court made probably the most
cogent point on this entire issue. Scientists have long
delighted in pointing out that all waters are interrelated.

As a result it became fashionable to argue one size fits all
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law. However, the court noted the law is otherwise.

In fact, they point to state law, including the laws of
Kansas and Nebraska in 1952 to show those laws didn't
recognize inter-connection. Based on that holding, the
Court found as of 1952 it was not, it was too recent in
time. Congress intended to require groundwater be implied
into the McCarran Amendment when adjudicating rights of the
river system. Why is this important in this case? We have
heard a lot of extrinsic evidence about the Compact
commissioners and their negotiations. What we have not
heard from is from any history, only people. The only
parties who complained stating the legislators and Congress,
because their understanding was to the contrary, they
treated water supply as different and distinct sources and
they legislated and regulated this as distinct and separate
sources. Moreover, if you take the position that Kansas and
the United States has put forth, you cannot restrict the use
of groundwater without allocating groundwater. Yet the
United States has admitted the Compact makes no attempt to
allocate the groundwater resource in the basin, which are
vast, vastly greater than the water that is apportioned and
allocated in the Compact. You cannot restrict something
without allocating it. To do so would be to reach the
illogical result of saying to Nebraska if you use only the

surface water in the Republican River you can pump no other
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groundwater from the Ogallala aquifer because they're
hydraulically connected. That is not the terms the Compact
commissioners use.

We believe if you follow the applicable
rules of statutory contract interpretation that you simply
must answer the Supreme Court's question in the negative,

there is no restriction in the Compact. Kansas' reliance on

Texas versus New Mexico and Kansas versus Colorado, in Texas

vs. New Mexico, the parties in the Compact specifically

adopted the 1947 case, completed two years before the
Compact was agreed to, which specifically included
groundwater, expressly including groundwater, and that was
incorporated into the Compact. Likewise, in the Kansas
versus Colorado case, as this court pointed out in its
questioning, that issue was not argued or contested by the
parties. Moreover, those two compacts provide express
limitations on the water that can be used by the parties
saying you shall not materially deplete the water below the

level. 1In 1947 in the case of Texas and New Mexico, you

shall not deplete, there is no comparative "shall not"
provision in the Republican River Compact. It simply makes
no provision for it. It says this is what the virgin water
supply, again modified by the term originating, the
following designated basins and then allocates it. But

certainly it doesn't say the only water that can be used in

80






10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

the Republican River Basin is the 178,000 acre feet because
you have then ignored completely the water supply in the
Ogallala Acquifer and you have in essence banned for
perpetuity, forever, being used. That is nearly nor express
nor can it be implied in the Compact.

Finally, we think the Supreme Court has addressed
this issue, in the Sporhase case, the Court asked specific
questions has Congress regulated groundwater. If the
Compact restricts use of groundwater then Congress -- no-one
cited that authority to the Supreme Court, nor after
reviewing the contract did the Supreme Court believe that to
be true. For these reasons we believe it is appropriate to
interpret the Compact according to the ruling of case
authority of the Supreme Court not to rewrite it to include
a new term and a new vast supply of water. If that is the
case, the Supreme Court has held that they're other avenues
either by a new Compact or by equitable apportionment. For
these reasons, we believe Nebraska's motion should be
granted.

THE COURT: Thank you very much.

THE COURT: This concludes the oral argument on
the Motion to Dismiss.

MR. DRAPER: May I just note one thing, a new
issue that was raised?

THE COURT: Yes.
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MR. DRAPER: There was a case that was --

THE COURT: For the record identify yourself.

MR. DRAPER: I am John Draper, counsel of reccrd
in this case for Kansas. There was a case discussed
extensively in the rebuttal argument by Nebraska that was
not discussed in either of their briefs. That was the one
dealing with the McCarran Amendment and I wanted to be sure
the court is clear that the McCarran Amendment was not a
case that involved Compact interpretation. The McCarr;n
Amendment, as Your Honor may be aware, is a waiver of
sovereign immunity by the United States under certain
circumstances. And the case that was cited from the Ninth
Circuit had to do with the waiver of that sovereign immunity
by the United States and has no relevance to the issues
here, what was included in the equitable apportionment of
the waters of the basin of the Republican River. I just
wanted to be sure.

THE COURT: I am not sure the McCarran Amendment
was briefed.

MR. COORSON: It was not. We were given a very
brief period of time to file our reply brief and we
subsequently in looking at other federal statutes dealing
with water law and it was surely not offered as a Compact
interpretation but rather an analogy to another federal

water law which is a statute just as the Compact is a
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statute for purposes of whatever persuasive authority it
might be.

THE COURT: Thank you.

On the basis of the briefs and the oral argument
I am going to take the Motion to Dismiss under advisement;
I intend to make my decision and file my report just as soon
as possible. I want to, before we adjourn, I do want to
express my thanks to all counsel for the help you have given
me. Your briefs were excellent. Your oral arguments were
excellent -- most worthy of the high court in which this
case is pending and most worthy of the importance of this
case to all the people involved in it. I do thank you
really very much indeed. This hearing is completed but we
do have scheduled an in-chambers conference to see where we
go from here. I think there is a limited amount we can do
in that conference but nonetheless I do want to meet with
you. I propose we take about 15 minutes, perhaps about
twenty past three and meet in the visiting judges chambers.
And this is a reqgular fortress here but Mr. Scott will lead

you in from the outside. With that we stand adjourned.
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CHAPTER I--INTROBUCTION

The Republican River is located along the Kansas-Nebraska border and drains
portions of three states. The drainage area is approximately 24,900 square
miles, of which 7,700 square miles are in Colorado, 9,700 square miles are
in Nebraska, and 7,500 square miles are in Kansas. The river is formed by
the junction of the Arikaree and North Fork Republican Rivers near Haigler,
Nebraska. From Haigler, the river flows in an easterly direction to
Junction City, Kansas, where it joins the Smoky Hill River to form the
Kansas River. The watershed has an approximate length of 430 miles. The
principal tributaries downstream from the confluence of the Arikaree and
North Fork Republican Rivers are South Fork Republican River and Frenchman,
Blackwood, Driftwood, Red Willow, Medicine, Sappa, Prairie Dog, and White
Rock Creeks.

Four Reclamation (Bureau of Reclamation) water resource development
divisions of the P-SMBP (Pick-Sloan Missouri Basin Program) are included in
the study area. These include the Upper Republican, Frenchman-Cambridge,
Kanaska, and Bostwick Divisions. The Upper Republican Division contains
Bonny Dam and Reservoir, which is operated and maintained primarily for
flood control. The State of Colorado purchased the conservation space in
Bonny Reservoir for fish, wildlife, and recreation use. The other
divisions primarily supply irrigation water.

The Frenchman-Cambridge Division includes the Frenchman Valley, H&RW, and
Frenchman-Cambridge Irrigation Districts serving approximately 64,600 acres
of irrigated land. Water supply and recreation are provided from four
major reservoirs, The Kanaska Division includes the Almena Irrigation
District, which includes approximately 5,200 irrigated acres with a water
supply from Keith Sebelius Lake and ground-water wells. The Bostwick
Division serves approximately 53,400 irrigated acres and includes the
Bostwick Irrigation District in Nebraska and the Kansas-Bostwick Irrigation
District. Water is supplied by Harlan County Lake and Lovewell Reservoir.
The potential Scandia Unit, Kansas would also be included in the Bostwick
Division.

The surface water area of the basin is nearly 41,000 acres. Over 40,000
acres are contained in reservoirs larger than 40 surface acres. Major
reservoirs include Bonny (Colorado); Swanson Lake, Enders, Hugh Butler
Lake, Harry Strunk Lake (Nebraska); Keith Sebelius Lake (Kansas); Harlan
County Lake (Nebraska); and Lovewell Reservoir and Milford Lake (Kansas).
A1l the reservoirs are Reclamation facilities, except Harlan County and
Milford Lakes, which are Corps of Engineers facilities. Several of these
reservoirs have experienced extreme water level fluctuations and long-term
surface area declines in the past several years.

This report summarizes reconnaissance level investigations initiated in
October 1977 in the Republican River Basin.



STUDY PERIQD

The surface water operations study period is 1949 to 1978. This period was
selected due to availability of existing information. Comprehensive
weather data for the entire basin is not available earlier than 1949. This
study period appears adequate because it begins in an average year,
contains a drought and a wet period, and ends in an average year.

PURPOSE AND GOALS

The purpose of this water management study was to identify existing and
future wuses of the 1limited water supply and associated land and
environmental resources throughout the basin to determine ways to
efficiently use the remaining available water.

Basic goals of the study were:

1. Identify water resource problems and water needs in the basin. These
included multiple water uses such as municipal and industrial, irrigation,
flood control, recreational, fish and wildlife, water quality, and
environmental needs.

2. Define the causes of the declining water supplies for the existing
reservoirs.

3. Define future water supply capability in the basin.

4. Develop alternative management plans, including both structural and
nonstructural solutions, for the most effective use of present and
projected water resources.

Investigations of structural methods to optimize water supplies considered
canal automation, transbasin diversions, and canal and lateral lining.

Nonstructural conservation methods involved changes in reservoir operation,
selective removal of streambank vegetation, and changes in irrigation
techniques. Effects of no further well development and advances in farm
conservation, tillage, and crop rotation practices, as well as possible
precipitation changes were evaluated. Aerial photogras “ic surveys were
used to inventory land use and water resources.

5. Evaluate and document the economic, social, and environmental impacts
associated with these alternative management plans.

AUTHORITY

The Republican River Basin Water Management Study was proposed by
Reclamation because surface water supplies for existing projects within the
upper portion of the basin have decreased within the last '10 years, while a
demand for further development exists in the lower portion of the basin.
The study was authorized by the Federal Reclamation Laws (Act of June 17,
1902, Stat. 388) and all Acts amendatory and supplementary thereto. The



study was initiaily funded in fiscal year 1978 by Public Law 95-96 dated
7, 1977.

August

Previous investigations conducted by Reclamation in the Republican River

PREVIOUS INVESTIGATIONS

Basin include:

1946, June Frenchman-Cambridge Unit, Comprehensive Plan

1951, February Frenchman-Cambridge Division, Definite Plan Report

1953, June Bostwick Division, Nebraska-Kansas, Definite Plan Report,
Part 1

1954, April St. Francis Unit (now Armel Unit), Definite Plan Report

1956, April Bostwick Division, Nebraska-Kansas, Definite Plan Report,
Part 2

1957, April Almena Unit, Kansas, Definite Plan Report

1957, October Red Willow Dam and Reservoir and Associated Works,
Feasibility

1959, February Nelson Buck Unit, Reconnaissance

1964, March North Republican Unit, Concluding Report

1966, January Phillipsburg-Smith Center Unit, Investigations Status
Report (M&I water from Harlan County Dam, Bostwick
Division)

1966, April Scandia Unit, Kansas, Reconnaissance Report

1967, February Nelson Buck Unit, Feasibility

1968, June Scandia Diversion Damsite, Feasibility Geologic Report

1974, February Colorado State Water Plan, Water for Tomorrow, Phase I

1974, April Oberlin Unit, Appraisal

1974, August Colorado State Water Plan, Legal and Inst1tut1ona1
Considerations, Phase II

1974, October Kansas State Water Plan Studies, Phase I

1976, December Frenchman-Cambridge Irrigation District, Rehabilitation
and Betterment Program

1977, January Frenchman Unit, Appraisal Report

1977, March Armel Unit, Concluding Report

1978, July Frenchman Unit, Rehabilitation and Betterment Program,
Concluding Report

1979, December Kansas State Water Plan Studies, Phase II

1982, April Courtland Unit, Bostwick Division, Kansas, Inventory of
Remaining Subsurface Drainage Requirements, Special
Report

PUBLIC INVOLVEMENT AND COORDINATION WITH PARTICIPATING AGENCIES
Public input information for this report is the same as that for the

Solomon River Basin Water Management Study completed in 1984.
River Basin is an adjoining basin.
basins are:

The Solomon
The primary areas of concern in both

1. The causes of decline in the surface water supply.

2. The outlook for future water supplies for municipal,
recreational, and fish and wildlife uses.

industrial,



3. The alternatives available.

Local, state and Federal agencies have assisted Reclamation in addressing
these concerns.

The Kansas State University, Department of Civil Engineering investigated
changes in precipitation to determine potential impacts on watershed yield
in the Republican River Basin.

The Colorado Division of Wildlife, Nebraska Game and Parks Commission,
Kansas Fish and Game Commission, and Fish and Wildlife Service participated
in the environmental assessment of the basin.

Study progress and interim results were presented to the Southwest Nebraska
Irrigators Association and the Republican River Compact Administration.
The membership of the Compact Administration consists of the State
Engineer, Colorado; the Director, Department of Water Resources, Nebraska;
and the Chief Engineer-Director, Division of Water Resources, State Board
of Agriculture, Kansas. In addition, interim study results were reviewed
by members of the Engineering Committee for the Compact Administration.

The Geological Survey made a reconnaissance hydrogeologic study, OF-81-531,
of the Republican River Basin in Nebraska in July 1981. They completed a
similar study, OF-82-79, of the Kansas portion of the basin in 1982.

The Bureau of Reclamation, with its ongoing responsibility for planning and
operations, has maintained contacts with virtually all water-using entities
in the basin. These contacts, either for this investigation or for gther
purposes, have led to an understanding of the basin's water-related
problems and needs.



CHAPTER I1--GENERAL DESCRIPTION
PHYSICAL CHARACTERISTICS

Topography and Drainage

The western three-fourths of the upper basin (figure 1) lies in the High
Plains Section of the Great Plains Physiographic Province (Fenneman, 1931).
This section is characterized by flat to gently rolling plains which are
mildly dissected by the valleys of major streams. The eastern fourth of
the upper basin lies within the Plains Border Section. In this section,
dissection of the plains becomes more pronounced with steeper valley walls.
The land surface slopes in an easterly direction from an elevation of 5650
feet near the headwaters of the Arikaree River to 2000 feet near Harlan
County Dam with an average gradient of 14,5 feet/mile.

The uplands are dotted with many depressions ranging from a few feet to
several thousand feet in diameter and depths from shallow to 40 feet.
After a heavy rain, these depressions may retain water for weeks or months.
The major topographic feature of the upper basin is the sandhills located
in the northwest section. The sandhills are sand dunes that have been
stabilized by a cover of grass. Local relief between dune troughs and
crests ranges from 50 to 150 feet. During periods of high ground-water
Tevels small lakes may form in the troughs of the dunes.

A1l of the lower basin (figure 2), except the portion southeast of Clay
Center, Kansas, lies within the Border Section of the Great Plains
Physiographic Province. This area is characterized by plateaus that are
submaturely to maturely dissected (Fenneman, 1931). The area southeast of
Clay Center 1lies in the Osage Plains Section of the Central Lowland
Physiographic Province. This area has gently rolling uplands with
entrenched streams. The Tlower Republican River valley in Nebraska is
approximately 300 feet below the undissected uplands and in Kansas, it is
200-250 feet below the uplands. The Republican valley slopes in a
southeasterly direction from an elevation of 2000 feet at Harlan County Dam
to 1150 feet at Milford Dam with an average gradient of 5.2 feet/mile.

The drainage pattern of the Republican River Basin is dendritic, which is
characterized by irregular branching of tributaries. This implies that the
underlying strata is relatively flat, and there is a lack of structural
controls such as faults and folds. :

Soils

The soils of the Republican River Basin are very productive and are used
primarily for growing both dryland and irrigated crops. The following is a
general description of the major soil areas in the basin.

The alluvial soils along the Republican River and its tributaries are deep
and lie on nearly level flood plains. The major portion of this group is
well drained, but both poorly and excessively drained soils are common.
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Between the alluvial flood plains and the uplands are deep, near level to
sloping well-drained soils formed in colluvial and eolian silts on terraces
and footslopes. These soils are medium textured, but are generally more
calcareous in their subsoils than are the soils on the uplands. Some
moderately deep soils in this group occur in the western most portion of
the basin as well as the north-central portion of the Kansas counties.

The loessial soils of the uplands are the most important both in areal
extent and productivity. This group is comprised primarily of deep, nearly
level to strongly sloping, well-drained silty soils. Generally, these
soils are found in the eastern two-thirds of the Nebraska portion and to a
smaller extent the northern portion of Kansas. Particularly in the
Colorado portion and some of Perkins and Chase Counties of Nebraska are
soils which contain dark fine-textured buried soils in their profiles.

Another important soils group includes the soils which are normally
associated with the term "sandhills." These soils are generally deep,
gently sloping to very steep, excessively drained, sandy soils formed in
eolian sands on uplands. This group occupies two major areas: the first
being Dundy County and the southwestern portion of Chase County and the
second being Lincoln County, Nebraska, from Highway 83 west. Between these
two sandhill areas is a group of soils which includes both deep and
shallow, nearly level to gently sloping, well-drained loamy and silty soils
formed in weathered sandstone and loess on uplands.

The soils in the lower reaches of the basin tend to be somewhat finer
textured than the soils in the western portion. These uplands generally
have a thin mantle of loess on the divides and are moderately deep over
calcareous shales and sandstones.

Climate

The Republican River Basin has a subhumid to semiarid continental climate.
The variable weather is typical of the interior of a large land mass in the
temperate zone: light rainfall, 1low humidity, hot summers, and cold
winters. Rapid weather changes are caused by invasions of larger masses of
warm, moist air from the Gulf of Mexico; hot, dry air from the southwest;
cool, dry air from the Pacific Ocean; and cold, dry air from Canada.

There is a large variation in precipitation from year-to-year and station-
to-station within the basin (table 1). The mean annual precipitation
varies from nearly 18 inches in the western part of the basin to 30 inches
in the eastern part. Seventy-seven percent of the annual precipitation
falls during the growing season (April through September).



Table 1.--Precipitation summary for
representative climatological stations

1920-1978 Maximum Minimum
mean annual annual annual
Station (in) ~ (in) (in)
Wray, CO 17.63 30.36 7.29
McCook, NE 20.15 38.26 9.69
Alma, NE 21.42 : 37.75 11.73
Red Cloud, NE 24.14 40.42 11.94
Clay Center, KS 29.68 53.86 13.88
Table 2 summarizes the annual, maximum, and minimum mean monthly

temperatures for the 1920-1978 period.

Table 2.--Temperature summary for
representative climatological stations

1920-19/8

mean annual Maximum mean Minimum mean

temperature monthly temperature monthly temperature
Station (°F) (°F) (°F) :
Wray, CO 51.2 81.8 10.8
McCook, NE 52.3 84.6 13.3
Alma, NE 52.8 86.8 10.1
Red Cloud, NE 52.6 , 87.6 10.0
Clay Center, KS 55.5 89.6 13.2

Figure 3 depicts average monthly temperatures, last and first killing frost

dates, and frost-free days for the five stations.
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Geology

Upper Republican Basin

The major geologic formations are the Ogallala Formation, alluvium, and
eolian deposits that make up the aquifer system. The base for the aquifer
system is comprised of the Niobrara Formation, Pierre Shale, and White
River Group.

The Niobrara Formation and the Pierre Shale of late Cretaceous age, and the
White River Group of Tertiary age are relatively impermeable consolidated
deposits, which restrict the downward movement of water from the overlying
aquifer system. The Niobrara and Pierre Shale are of marine origin. The
Niobrara Formation (the aquifer base in the eastern part of the upper
basin) consists of massive chalk beds, chalky shales and limestones, and
thin beds of bentonite. The Niobrara Formation has a thickness of
approximately 650 feet in Phillips County, Kansas. The Pierre Shale (the
aquifer base in the western part of the upper basin) lies conformably on
the Niobrara Formation. It is a thinly bedded shale with thin beds of
bentonite and numerous concretionary zones. The Pierre Shale in the
Frenchman Creek area is more than 2,000 feet thick. The Niobrara Formation
and Pierre Shale slope to the east with an average gradient of 14.7
feet/mile. The White River Group (Brule and Chadron Formations) of
Oligocene age, lies unconformably on the Pierre Shale in the northwestern
portion of the upper basin. It appears to be of fluviatile origin and
consists of siltstone, clay, and localized channel deposits of sand and
gravel that may or may not be cemented. Although the deposit is considered
impermeable, minor amounts of water could be obtained from unconsolidated
sand and gravel deposits within the formation. It has a maximum thickness
of ¥ 450 feet.

The semiconsolidated Ogallala Formation of Pliocene age is the major source
of ground water due to its areal extent, accessibility, and extent of
saturation. The formation is present throughout the upper basin, except
where major streams have eroded through it to the bedrock. The Ogallala is
believed to have been formed by eastward flowing streams whose sediment
filled pre-existing valleys in the bedrock. Eventually, lateral
constraints were eliminated, and the streams coalesced to form a broad
alluvial plain. The formation consists of a poorly sorted mixture of clay,
silt, sand, and gravel that is 1loosely cemented; the material becomes
coarser or less cemented in the lower part (McGovern and Coffin, 1963).
Also present are beds of soft limestone, bentonite, and volcanic ash. The
top of the formation consists of a few feet of a dense, sandy limestone
known as the "Algal limestone." Maximum thickness is about 500 feet in the
northern Medicine Creek subbasin in Nebraska. Depth to the top of the
formation varies from 0 to 200 feet, averaging less than 100 feet. The
surface of the Ogallala slopes to the east with an average gradient of 12
feet/mile.

Pleistocene loess deposits (wind deposited silt and clay) are present
throughout the upland areas and valley walls. These deposits, varying in

thickness from 0 to 200 feet, lie above the water table and yield little
water.
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Sand deposited by the wind during the Pleistocene and Holocene epochs is
present in the northwest section of the upper basin with a maximum
thickness of 170 feet. These deposits are an important element of the
aquifer system because of their high permeability, which allows rapid
recharge to the underlying Ogallala Formation.

The next most important sources of ground water are alluvium and terrace
deposits of Holocene age. They are found in the valleys and under the
flood plains of the larger streams and are comprised of varying mixtures of
clay, silt, sand, and gravel. Thickness of these deposits varies from 0 to
90 feet.

Lower Republican Basin

The principal aquifer system in the lower basin is comprised of alluvium
and terrace deposits and the Ogallala, Grand Island, and Dakota Formations.
The base of the aquifer system consists of Pierre Shale, the Niobrara and
Wellington Formations, and the Chase Group.

The alluvium and terrace deposits of recent and Pleistocene age are a major
source of municipal and irrigation water. They are made up of
unconsolidated clay, silt, sand, and gravel that have been deposited in the
valieys and flood plains of the major streams. The deposits generally
become more coarse with depth. Thickness of the alluvium ranges up to
130 feet. The terrace deposit thickness ranges up to 125 feet.

Covering the uplands of the lower basin are undifferentiated deposits,
consisting loess, volcanic ash, and gravels formed locally by weathering or
stream action. Where saturated, these deposits will provide small to
moderate amounts of water for domestic and stock wells. Thickness ranges
up to 100 feet.

The Grand Island Formation is a major source of irrigation water in
northeastern Jewell and northwestern Republic Counties, Kansas. It
consists of coarse sand and medium-to-coarse gravel interbedded with silty
clay deposited during the Pleistocene age in a former channel of the
Republican River (Dunlap, 1982). Thickness ranges up to 120 feet.

The Ogallala Formation is found in the Nebraska portion of the lower basin.
It is comprised of sandstone and siltstone interbedded with sand, gravel,
and clay and has various degrees of cementation by calcium carbonate and
silica. Thickness ranges over 100 feet and thins in an easterly direction.
The base of the formation slopes to the southeast with an average gradient
of 7 feet/mile.

Underlying the Ogallala and forming a relatively impermeable base are the
Pierre Shale and Niobrara Formation. These formations were deposited in a
marine environment during the late Cretaceous age. The Pierre is a dark-
gray fissile shale, and the Niobrara consists of chalky shale and
1imestone. The Niobrara has a thickness of about 400 feet in Harlan
County, Nebraska, and thins in an easterly direction.
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Underlying the Niobrara Formation in the northern part of the lower basin,
in descending stratigraphic order, are the Carlile Shale, Greenhorn
Limestone, and Graneros Shale. They crop out at the surface in the central
portion of the lower basin. Of these formations, the Greenhorn Limestone
has the most potential for yielding small quantities of water for domestic
purposes. Maximum total thickness of these deposits is about 430 feet.

The Dakota Formation is one of the principal aquifers in the vicinity of
Cloud and Clay Counties (Kansas) for supplying municipal, domestic, and
stock wells. Thickness ranges up to 350 feet. The quality of water varies
from good-to-bad with a better quality generally obtained where the
formation crops out or is near the surface. Water obtained from the Dakota
Formation in most of northwestern Cloud County, Kansas contains high
chloride concentrations, 250 p/m (parts per million) or higher (Fader 1968,
pg 14). Walters and Bayne (1959) reported that samples obtained from the
Dakota Formation in Clay County, Kansas show chloride concentrations below
250 p/m.

The Wellington Formation and Chase Group underlie the Dakota Formation to
the north and crop out at the surface in Clay County, Kansas. Total
thickness of these deposits ranges up to 480 feet. Small-to-moderate
amounts of water for domestic and stock use may be obtained from several
formations within the Chase Group. Better quality water can be obtained
where the formations are not deeply buried.

ENVIRONMENT

Vegetation

The basin encompasses the Steppe and Prairie Divisions of Bailey's
ecoregions. General environmental conditions found in these two divisions
are shown in table 3.

Table 3.--General environmental conditions associated with
the Steppe and Prairie Divisions

Division Temperature Rainfall Vegetation Soils

Prairie Variable Adequate all Tall grass, Prairie soils
year except parklands Chernozems
during dry (Mo1lisols)

years, maxi
mum in summer

Steppe Variable Rain 19.7 Short grass, Chestnut,
winters in/yr shrubs brown soils
cold and Sierozems

(Mollisols

and Aridosols)
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Figure 4 shows where the irrigation lands and reservoirs lie in relation to
Bailey's ecoregions. The Steppe and Prairie Divisions can be divided into
separate provinces, which contain the various species of the Great Plains.
The grama-buffalo grass prairie (3113) is part of the Great Plains-short
grass prairie province. The bluestem-grama prairie (2533), wheatgrass-
bluestem-needlegrass prairie (2532), and the bluestem prairie (2531) are
all part of the tall grass prairie province. Over 90 percent of the area
in the basin 1is used for agricultural purposes with over 50 percent
cropland and less than 1 percent in forest land. The balance of the land
is pasture and rangeland, farmsteads, wildlife areas, water, and
miscellaneous areas.

Principal crops grown in the basin include corn, grain sorghum, wheat,
soybeans, and alfalfa hay. The pastureland consists of introduced grasses
and legumes on smaller tracts of mostly irrigated soils. Rangeland, which
is dominated by climax communities of native grasses and associated forbs,
is used for grazing livestock. Forested land occurs mainly along river
bottoms in narrow bands. Common species are cottonwood, boxelder, green
ash, willow, and oaks.

Field shelterbelts and farmstead windbreaks include species such as Rocky
Mountain juniper, eastern redcedar, russian olive, locusts, elms, ponderosa
pine, and various shrubs. A1l of these areas are important for their
ability to trap snow and soil, stabilize stream courses and streambanks,
and provide wildlife habitat and forage, and to provide shade and shelter
to livestock. Significant areas of forest land have been cleared for
agricultural purposes in the last three decades. Decreased numbers of
farmsteads and increased farming intensity have been among the factors
contributing to forest land decline.

Fish and Wildlife

There are nearly 17,000 acres of wildlife habitat adjacent to the river,
its tributaries, and ponds. The ponds include small structures built for
livestock watering, irrigation reuse, erosion control, fish and wildlife,
and local flood control. In 1978, it was estimated that approximately
9,000 ponds, averaging 1.4 acres in size, were in the basin.

The most sought after fish in the river basin are the trout, stocked near
Wray, Colorado, and the channel catfish in Nebraska and Kansas. Other fish
in the streams and reservoirs sought by anglers in the basin include
smallmouth and largemouth bass, flathead catfish, white bass, walleye,
black bullhead, white and black crappie, and carp. Most of the fishing
pressure in the basin occurs in public areas on or adjacent to the
reservoir lands.

Ring-necked pheasant, bobwhite quail, cottontail rabbits, and fox squirrels
are the most important small game species hunted in the basin. Limited
numbers of sharp-tailed grouse and prairie chickens are also pursued.
Waterfowl hunted in the area consists mainly of mallards and Canada geese
followed by green-winged and blue-winged teal, American widgeon, gadwall,
wood duck, pintail, ring-necked duck, redhead, canvasback lesser scoup,
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Figure 4.--Republican River Basin showing Bailey's Ecoregions
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bufflehead, American goldeneye, ruddy duck, and white-fronted geese.
Migratory mourning doves are also heavily hunted. Big game species pursued
by archers and firearm hunters include mule deer, white-tailed deer,
antelope, and turkey.

Public lands, managed for fish and wildlife resources, comprise only
0.8 percent of the 24,900 mi2 (square miles) of the basin. There are 45
public areas which include over 82,500 acres of upland habitat, over 4,700
acres of wetlands, over 40,000 surface acres of reservoirs and lakes, and
2.75 miles of river. Nine public areas (16,300 acres) are located in
Colorado, 30 areas (65,500 acres) in Nebraska, and 6 areas (46,500 acres)
are located in Kansas.

HISTORY

Settlers began arriving in the region after 1873. Completion of the
railroad in 1882, connecting the Republican Valley with Omaha and Denver,
stimulated homesteading. Few "choice" tracts of land remained after 1886.
The droughts of the 1890's and 1930's and the 1935 flood brought widespread
disappointment. The recurrent cycles of wet and dry years caused a
corresponding fluctuation from farm settlement to abandonment. Many
enterprising farmers built distribution systems using horse-drawn slips and
hand labor to irrigate with stream water.

Today, dryland farming is still common with wheat as the primary crop. The
introduction of irrigation from both surface and ground-water sources has
diversified crops and increased 1livestock production. Irrigation
development also has stabilized the population by reducing the effect of
droughts and floods. Corn, grain sorghum, and alfalfa are the main
irrigated crops grown today. Grazing lands are utilized for beef cattle.
Hog production also plays an important role in the economy. Agriculture
continues to be the dominant economic sector in the basin.

Historical Floods

Flooding of the tributaries and main stem of the Republican River has
occurred periodically, beginning with the legendary flood of 1876. Other
major floods occurred in 1915, 1923, 1935, 1947, and 1957.

The flood of May-June 1935 is the largest of record. This flood was the
result of a cloudburst in the upper portion of the watershed, mainly on the
Arikaree and South Fork Republican Rivers. Local residents measured as
much as 20 inches of rainfall during the night of May 30. Flood stage was
exceeded for 8 days in Frank11n, Nebraska. Some of the peak discharges
measured were: 280 000 ft3/s (cubic feet per second) at Cambridge,
Nebraska, 200,000 ft3 /s at the gage near Stratton, Nebraska, and 168,000
ft3/s near Junct1on City, Kansas. These flows were as large as any
recorded since 1876. Losses included 150 lives, bridges, highways, and
$1 million in property and crops.

The second largest flood in the basin occurred in June 1947. A storm over
the entire Republican Basin dropped 5 inches of rain over a 3-day period.
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The Medicine Creek area received intense rainfall during the onset of the
storm and was the largest tributary watershed affected. The largest
residential area affected was Cambridge, Nebraska. Thirteen people were
killed and approximately $16 million damage to agricultural lands, roads,
bridges, and municipal property occurred. Peak flows for this flood were:
30,000 3 s at Red Willow Dam, 140,000 ft3/s at Harlan County Dam, and
116 400 ft/s at Med1c1ne Creek Dam These compare to 45,000 ft3/s at Red
Willow Dam and 260,000 ft3/s at Harlan County Dam during the 1935 flood.

Flood Potential

The Kansas City District, Corps of Engineers, has completed a study that
examined the potential for increased benefits or degree of flood protection
resulting from modification of flood control operations at Reclamation
projects in the Republican River Basin. Areas between Harlan County Lake,
Nebraska, and Wray, Colorado, were examined. The reach between Wray,
Colorado, and Benkelman, Nebraska, was inspected and did not appear to
warrant further study. The analysis for the remaining portions of the
Republican River included developing water surface profiles for 100-and
500-year events as well as some preliminary economic analyses of the
assnciated floods.

The <tudy concluded there would b v apparent increase in the bhonefity m
degqree ol Tlood protection by changing Lhe T lood contral gperationg of the
ceseryoless The dams o exislence function edeguately to contret floading
anc Lhe rivers and traibularies they sevve.  However, a potential exisie for
Tlondiag on the uncoenbrolled portions »f the rivers and tributavies in the
SLidy aved.

S0CTOLCONOMIC

ihe socigecnnomic chavacteristics of the basin were derived using datsa from
4 counties in Colorado, 14 counties in Nobraska, and 10 counties in Kansa
Data derived from these counties, including the cities and towns, were
representative of the basin.

Agriculture has been a major influence on both past trends and present
conditions in almost every area of socioeconomic concern because Lhe basin
is located in one of the most agriculturally productive regions of the
United States.

Population

Agricultural areas are often characterized by low population density and a
relatively high proportion of persons living in rural areas. Although the
Republican River Basin accounted for 10.1 percent of the total land area in
the Tri-State Area in 1980, the 169,025 people represented only 2.5 percent
of the total population in all three states. The Republican Basin had 6.4
persons per square mile in 1980 compared to 26 persons per square mile in
the Tri-State Area, and 64 persons per square mile in the Nation.

A much larger proportion of the people live in rural areas in the basin as
Compared to the Tri-State Area as a whole with 69.4 and 28.3 percent,
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respectively. This proportion has been decreasing and corresponds to
national trends. For example, between 1950 and 1980, the percentage of the
basin's population living in rural areas decreased from 80.8 to 69.4
percent. The rural population of the Tri-State Area as a whole decreased
by an even greater amount, from 46.3 percent to 28.3 percent. Between
1970-1980, the basin rural population has decreased only 1.6 percent.

Another pattern of change has been a slow but steady decline in the actual
size of the population. Between 1930 and 1980, the population of the basin
decreased from 266,457 to 169,025. Between 1970-1980, nine counties in the
basin experienced growth; however, only Phelps County in Nebraska and
Sherman and Thomas Counties in Kansas had 1980 populations larger than
their 1930 populations. These population changes are typical of many
rural/agricultural areas in the Nation. As agriculture becomes more
mechanized, fewer jobs exist and rural residents either leave or migrate to
urban areas in search of employment and higher education. Table 4 shows
population changes from 1930 to 1980.

Median age in the basin is higher than either the Tri-State Area or the
Nation. The median age in the Republican Basin in 1980 was 35.5 as
compared to 29.4 in the Tri-State Area and 30 in the United States. Since
1970, the median age decreased in the basin and increased in both the
Tri-State Area and the Nation.

Ethnic and racial minorities made up less than 2 percent of the basin's
population in 1980. The largest minority group was of Spanish origin.

Employment, Income, and Earnings

Between 1970 and 1978, per capita income in the Republican Basin increased
192 percent from $2,483 to $7,253. This was greater than the 165 percent
increase in the Tri-State Area.

Employment and earnings are concentrated in the agricultural and related
industries in the basin. In 1978, 28.9 percent of employment and 30.8
percent of earnings were generated by the agricultural industry in the
basin compared to 7.2 percent of employment and 5.6 percent of earnings for
the Tri-State Area. Other sectors accounting for high proportional amounts
included retail and wholesale trade, Government, and services. Mining was
the smallest sector.

ECONOMIC BASE

Basic sectors answer demands that are external to the area's economy, and
are usually export sectors. Nonbasic (service) sectors answer demands from
within the area and usually serve the local population. These distinctions
are built around the concept of comparative advantage - a region produces
goods and services for which it is most efficient and then exchanges them
for goods and services of other regions. A single industrial sector may
include both basic and nonbasic activities, but one type of activity is
usually dominant.

18



Table 4.--Population - 1930, 1950, 1970, 1980
Republican River Basin

Growth rate

1970-1980
State/county 1930 1950 1970 1980 (percent)
Nebraska
Chase 5,484 5,176 4,129 4,758 15.2
Dundy 5,610 4,354 2,926 2,861 - 2.2
Franklin 9,094 7,096 4,566 4,377 -4.1
Frontier 8,114 5,282 3,982 3,647 - 8.4
Furnas 12,140 9,385 6,897 6,486 - 6.0
Gosper 4,287 2,734 2,178 2,140 - 1.7
Har1lan 8,957 7,189 4,357 4,292 - 1.5
Hayes 3,603 2,404 1,530 1,356 -11.4
Hitchcock 7,269 5,867 4,051 4,079 0.7
Nuckolls 12,629 9,609 7,404 6,726 - 9.2
Perkins 5,834 4,809 3,423 3,637 6.3
Phelps 9,261 9,048 9,553 9,769 2.3
Red Willow 13,859 12,977 12,191 12,615 3.5
Webster 10,210 7,395 6,477 4,858 -10.0
Kansas
Cheyenne 6,948 5,668 4,256 3,678 -13.6
Clay 14,556 11,697 9 890 9,802 - 0.9
Cloud 18,006 16,104 13,466 12,494 - 7.2
Decatur 8,866 6,185 4,988 4,509 - 9.6
Jewell 14,462 9,698 6,099 5,241 -14.1
Norton 11,701 8,808 7,279 6,689 - 8.1
Rawlins 7,362 5,728 4,393 4,105 - 6.6
Republic 14,745 11,478 8 498 7,569 -10.9
Sherman 7,400 7,373 7,792 7,759 - 0.4
Thomas 7,334 7,572 7,501 8,451 12.7
Colorado
Kit Carson . 9,725 8,600 7,530 7,599 0.9
Phillips 5,797 4,924 4,131 4,542 9.9
Washington 9,591 7,520 5,550 5,304 - 4.4
Yuma 13,613 10,827 8,544 9,682 13.3
Total 266,457 215,507 173,581 169,025 - 2.6
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The 1978 basic sectors in the Republican River Basin were agriculture,
construction, transportation, and retail and wholesale trade. Nonbasic
sectors included mining, services, manufacturing, Government, finance,
insurance and real estate, and communications and public utilities.

Agriculture

The basin's agricultural outpui has both regional and national
significance. Table 5 shows a selected crop comparison and table 6
presents crop value.

The Tri-State Area is among the Nation's top 10 producers of winter wheat,
sorghum grain and silage, dry beans, corn, and sugar beets. The Republican
River Basin accounted for significant amounts of many of these crops grown
in the Tri-State Area as shown in the preceding tables.

0f the total crop value, corn accounted for 47.1 percent, wheat for 31.4
percent, and hay for 6.4 percent. The remaining 15.1 percent came from
soybeans, barley, dry beans, sugar beets, and other crops. Phelps and
Franklin Counties in Nebraska and Yuma County in Colorado led in corn
production. Leading producers of wheat included Thomas and Cloud Counties
in Kansas and Washington County in Colorado. VYuma and Washington Counties
in Colorado led in the production of hay. Processing of these crops also
makes a significant contribution to the economic base of the basin.

Livestock production makes a major contribution to the economy. Much of
the livestock produced in the basin, as well as the by-products, are
shipped to points all over the Nation for futher feeding and/or processing.
Table 7 presents the 1978 livestock inventory.

Retail and Wholesale Trade

In 1978, retail and wholesale trade was the second largest employment and
earning sector in the basin accounting for 16.8 percent of the labor force
and 18.3 percent of total earnings.

The retail and wholesale trade sector is unique in that it has both strong
basic and nonbasic qualities. The export of raw and finished agricultural
products, as well as the sale of farm machinery and fertilizer, give it
strong basic qualities. The import and purchase of commodities needed to
support the local population makes this sector strongly nonbasic. Major
nonbasic activities include automobile, service station, grocery, and
restaurant sales.
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Table 5.--Selected crop production 19781/

(units = 1,000)
Sugar Sorghum

Wheat Corn beets for grain Hay
Area (bu) (bu) (tons) (bu) (tons)
United States 1,799,006 7,082,000 25,800 748,000 142,000
Tri-State Area 447,452 967,400 3,348 354,970 14,201
_Percent of Nation 24.9 13.7 13.0 47.5 10.0
Republican River Basin 84,732 159,140 758 34,818 1,198
Percent of Tri-State Area 18.9 16.4  22.6 9.8 8.4
Percent of Nation 4.7 2.2 2.9 4,7 0.8

Table 6.--Value of crop production, 19781/

($1,000)

Crop Republican River Basin Tri-State Area
Wheat $245, 686 $1,264,851
Corn 367,927 2,227,046
Soybeans 4,396 448,510
Barley 1,793 41,711
Hay 50,360 623,600
Dry beans 10,218 59,888
Sugar beets 14,136 80,479
Other 86,814 1,505,194

Total $781,330 $5,659,634

Table 7.--Selected livestock inventory, 19781/

Livestock Republican River Basin Tri-State Area
Cattle and calves 1,623,000 15,680,000
Hogs and pigs 603,800 5,980,000
Sheep and lambs 53,200 892,000

1/ Agricultural Statistics - 1979; Colorado, Nebraska, Kansas.

by the Department of Agriculture in each respective state.
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For the past decade, the retail and wholesale trade sector has been growing
in its importance to the economy of the basin. -Retail sales in the basin
increased from over $310 million in 1967 to $491 million in 1977, and
wholesale sales increased from $369 million to $990 million. Between 1967
and 1977, the number of retail establishments decreased 18 percent, and the
number of wholesale establishments increased almost 14 percent.

Primary trade centers include Akron, Burlington, Holyoke, and Wray in
Colorado; Goodland, Colby, Norton, Clay Center, Belleville, and Concordia
in Kansas; and McCook, Holdredge, Superior, Franklin, and Red Cloud in
Nebraska. Rural residents rely heavily on these centers as well as smaller
local establishments to provide essential consumer goods and services.
Travel to major cities such as Grand Island or Lincoln, Nebraska; Denver,
Colorado; and even Kansas City for a better selection, more competitive
prices, or major purchase of durable goods is not unusual.

Government

In 1978, Government was the third largest sector accounting for approxi-
mately 16.8 percent of total employment and 14.4 percent of total earnings.
The majority of Government activities are of a local/service-type making
this sector primarily nonbasic. Such activities include local education,
law enforcement, and city and county administration. The basic state or
Federal acitivities that exist are service-type such as post offices, state
employment services, and several small state institutions of higher
education.

Services

The services industry was the fifth largest employer and fourth largest
earnings sector in the basin in 1978. This is one of the fastest growing
sectors in the area's economy. Employment in the services sector increased
46 percent between 1968-1978. This growth accompanied both the migration
of residents from rural to urban areas and the expansion of economic
activity in the area as a whole. This created an increased demand for
local personal and professional services such as automotive repair shops,
dry cleaners, hair stylists, doctors, and dentists. The continued emphasis
on providing local services makes this sector primarily nonbasic and this
emphasis is likely to continue in the future as the area's economy grows.
Basic services include hotels, motels, and restaurants that cater more to
visitors.

Manufacturing

Manufacturing in 1978 was the sixth largest employment sector and fifth in
earnings, accounting for 5.4 percent of total employment and 7.3 percent of
total earnings. Manufacturing in the Republican River Basin is primarily
nonbasic in nature.

Manufacturing establishments in 1977 totaled 199, an increase of almost

20 percent from 1972. Manufacturing employment is increasing, as is value
added by manufacture. Census data for all counties are not available due
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to nondisclosure of operations by individual companies. Of those counties
where information was available, value added by manufacture was $67.4
million in 1977, an increase of 174 percent from 1972.

Communities with the largest number of manufacturing establishments are:
McCook and Holdrege in Nebraska; Colby, Clay Center, Concordia, Belleville,
and Goodland in Kansas; and Burlington, Wray, and Holyoke in Colorado.
Manufactured items are primarily agriculturally oriented.

Contract Construction

In 1978, contract construction employed 2.8 percent of the labor force and
generated about 5.1 percent of total earnings. Contract construction is a
nonbasic employment and earnings sector, because little or nothing is
exported, and activity centers around local demand for commercial and
residential structures. Contract construction supports the basic industry
of agriculture as well as the manufacturing sector. Because of the support
the construction sector makes toward end products that are exported from
the area, it is also a basic sector.

Finance, Insurance, and Real Estate

Commercial banks, savings and loans, investment, and real estate companies
are all typical establishments in this sector. This sector is primarily
nonbasic. Almost every town has at least one local bank and several
insurance and real estate companies that deal primarily with the day-to-day
needs of the local residents. This sector has been growing and with this
growth it has taken on more basic qualities as it facilitates the entry of
new businesses and manufacturing in the area. This trend is expected to
keep pace with continuing efforts to obtain greater diversification in the
area's economic base.

Transportation, Communications, and Public Utilities

Communications, public utilities, and particularly transportation are
extremely important to the area in terms of the support given other
economic sectors. Economic prosperity in the basin is heavily dependent on
the agricultural sector; transportation connections between rural points of
farm production and urban points of processing and consumption throughout
the Nation are vital to the uninterrupted flow of agricultural goods.
Because of this support, as well as that given to other industries, this
sector is primarily basic in nature. _

Railroads and trucks are the primary modes for transporting commodities.
Major railroads serving the area include the Burlington Northern and Union
Pacific lines which, in combinations with other lines outside of the area,
provide commodity transportation to the west coast in approximately 4 days,
and to the east coast in 4 to 5 days. Trucks also play an important role.
Lines using the major interstate highways such as I-70 (east-west) through
the southern portion of the basin can transport goods to the west coast in

3 days, and the east coast in 4 days. Interstate 1-80, just north of the
basin, is also used.

23



There is no well-developed public transit system and rural residents
usually travel by car. Several inter- and intrastate bus lines provide
service to cities along the major highways. AMIRAK provides rail service
through part of the basin.

Commercial air service is available only in Goodland, Kansas, and McCook,
Nebraska. Several towns outside of the area (Hays, Kansas and Grand
Island, Nebraska) also have commercial facilities. There are smaller
airfields offering varying levels of services to charter and private
flights.

The major source of local information is the weekly newspaper, although
daily publications from larger cities are available. Several radio and
television stations also serve the area. Mountain Bell serves a small part
of the basin with telecommunications services and several small independent
companies serve the majority of the rural areas.

Public utilities such as water, sewer, sanitation, and electrical power are
provided through individual communities or larger utilities serving the
area. Because communications and public utilities are a service and are
not involved in exporting products, they are primarily nonbasic.

Mining

In 1978, the mining sector was the smallest employment sector in the basin
and is primarily nonbasic. Most activity centers around the production of
sand and gravel and stone for use in local construction and highway
maintenance. All counties in the basin produce some sand and gravel for
local use. Mineral value and production statistics for the basin are not
available due to nondisclosure of individual firm information. Basic
activity exists because a small amount of the petroleum produced in the
area is exported. According the 1976 Minerals Yearbook; Volume Il (Bureau
of Mines), Washington County was the fourth largest petroleum producing
county in the State of Colorado. Also, Great Western Sugar's lime plant in
Sherman County, Kansas, was the state's leading producer of lime. The
mining industry plays a relatively small role in the industrial resource
base of the basin's economy.
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CHAPTER III--EXISTING CONDITIONS
WATER SUPPLY AND USES

The surface water supply for the Republican River Basin originates as
rainfall, accumulates as surface water runoff, and runs downstream to the
confluence of the tributaries. Base flow from the alluvial aquifers and
return flows from surface irrigation are other surface water sources.

Since the mid-to-late 1960's, significant decreases in instream flow have
occurred. This has reduced the water supply for irrigation or other
demands.

Historical Streamflows

Figure 5 shows locations of gaging stations and reservoirs, as well as the
assumed locations of the section gains from base flow accretions. Also
shown are the 1949-1978 average annual reservoir inflows, section gains,
and gaging station flows.

The historical streamflows for the Republican River Basin were examined in
a point flow study and the results are shown in figure 6. The locations of
the tributary inflows and gages in the basin are shown schematically.
Included are the mean annual flows, based on average monthly flows, for the
1946-1978 and 1968-1978 periods of record. Also included are the average
flows for the 1978 calendar year. The dashed lines on figure 6 indicate
there may be other gaging stations in these reaches. However, due to
incomplete data they were not included in the point flow study.

Diversions
Table 8 shows each division and its respective conveyance system, acres
supplied, average annual net supply, and minimum and maximum diversions for

the 1969-1978 study period.

Farm Water Requirments

The basin was divided into three study areas using mean annual
precipitation as a basis for the divisions. Figure 7 shows the farm water
management study areas. Average precipitation in Area I ranges between
16-20 inches per year, while Areas Il and IlI receive between 20-24 and
24-28 inches per year, respectively.

Consumptive Use

The consumptive use for the 1920-1978 study period has been calculated
using the modified Blaney-Criddle method. The Blaney-Criddie method is
explained in the Soil Conservation Service's Technical Release No. 25,
entitled "Irrigation Water Requirements." Data required for estimating the
consumptive use 1include temperature, precipitation, crop planting and
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harvest dates, percent of daylight hours per day, and crop distribution
patterns. Corn is the predominant irrigated crop in the basin; however,
silage, winter wheat, alfalfa, grass pasture, and small grain are also
irrigated. Table 9 shows the average consumptive use for the crop
distribution in the basin.

Table 9.--Republican River Basin
Consumptive use, Blaney-Criddle method, 1920-1978

(inches)

Month Area | Area 11 Area III
January 0.02 0 0
February 0.03 0 0
March 0.06 0 0.01
April 0.40 0.28 0.43
May 2.25 2.29 2.63
June 4,75 5.30 5.91
July 8.10 8.89 9.22
August 7.09 7.55 7.75
September 3.29 2.88 2.27
October 0.37 0.17 0.09
November 0.05 0.01 0.01
December 0.02 0 0
Total 26.43 27.37 28.32

Crop Irrigation Requirement

The water supply to meet the consumptive use demand does not come from
irrigation only. Both precipitation and nongrowing season soil moisture
carryover can be effective toward meeting crop growth demands. Effective
precipitation is the amount of rainfall that is effective in meeting the
consumptive use. The soil moisture carryover is the water stored within
the root zone during the winter, when the crop is dormant or before
planting. The crop irrigation requirement is the amount of irrigation
water required for crop production. Crop irrigation requirements were
determined by subtracting the monthly effective precipitation and the
carryover soil moisture from the monthly consumptive use.

The crop irrigation requirements for the 1920-1978 study period are:

Area I 13.73 inches
Area Il 13.84 inches
Area III 12.98 inches
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Farm Delivery Requirement

The onfarm irrigation practice determines farm delivery requirement.
Losses can occur from the farm turnout on the main canal system to the
irrigated field. The greatest loss is seepage.from the ditches. Seepage
can be reduced by lining the canals or placing these ditches in buried
pipe. Conveyance losses are spillage, phreatophyte use, and leaky farm
gates. Other factors determining onfarm efficiencies are field
characteristics and irrigation methods. Land surface contour, slope, soil
type and intake rates, method of irrigation, and timing of water deliveries
are important in determining the onfarm efficiency.

Table 10 shows the farm delivery requirement by area while table 8 presents
the total acres irrigated from each of the canal and lateral systems,

Existing Water Conveyance System

Three irrigation districts in the Republican River Basin were analyzed.
They include the Frenchman-Cambridge Irrigation District, the Bostwick
Irrigation District in Nebraska, and the Kansas-Bostwick Irrigation
District. The canal seepage rates were computed using the 1971-1980
average monthly volumetric losses, which were reported by the districts,
and the calculated wetted perimeter from dimensions in the construction
specifications. Table 11 shows the calculated average seepage rate of
canals. Canal seepage 1losses as reported by the districts, is the
difference between diverted and recorded deliveries less recorded waste.
Analyses were not made for overdelivery and/or unrecorded delivery, which
could significantly change the estimated canal seepage losses by as much as
50 percent. The four canals calculated to have the highest seepage rates
are in the Bostwick Irrigation District in Nebraska and the Kansas-Bostwick
Irrigation District. They are the Naponee, Franklin, Franklin South Side
Pump, and the Courtland below Lovewell. "
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Table 10.--Farm delivery requirement by area

Area I
(units-inches)

Existing
(55% efficiency)

Attainable
(65% efficiency)

Consumptive use

Effective precipitation

Carryover soil moisture

Crop irrigation
requirement

Onfarm losses

Farm delivery requirement

26.43
10.71
2.0

13.73
11.22
24.94 or 2.07 ft

26.43
10.71
2.0

13.72
7.38
21.10 or 1.75 ft

Area Il
(units-inches)

Existing
(58% efficiency)

Attainable
(65% efficiency)

Consumptive use

Effective precipitation

Carryover soil moisture

Crop irrigation
requirement

Onfarm losses

Farm delivery requirement

27.36
11.31
2.2

13.84
9.95
23.80 or 1.98 ft

27.36
11.31
2.2

13.85
7.45
21.30 or 1.76 ft

Area II1I
(units-inches)

Existing
(61% efficiency)

Attainable
(65% efficiency)

Consumptive use

Effective precipitation

Carryover soil moisture

Crop irrigation
requirement

Onfarm losses

Farm delivery requirement

28.32
12.53
2.80

12.98
8.31
21.30 or 1.76 ft

28.32
12.53
2.80

12.99
6.99
19.98 or 1.66 ft
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Table 11.--Canal seepage rates

Average Average
annual July Average
seepage seepage seepage
Irrigation district - 1971-1980 1971-1980 rate_1/
and canal (acre-ft/yr) (acre-ft/mo) (ft3/ft27day)
Kansas-Bostwick
Courtland above Lovewell ,
in Kansas 6,110 1,030 0.27
Courtland below Lovewell 6,130 2,720 1.20
Bostwick in Nebraska
Courtland to state line 8,060 2,290 0.70
Franklin 11,040 4,530 1.05
Franklin South Side Pump 660 360 1.47
Naponee 880 450 1.61
Superior 4,940 1,940 0.78
Frenchman Cambridge
Bartley 2,910 1,030 0.41
Cambridge 9,990 3,150 0.78
Meeker-Driftwood 8,850 3,220 0.93
Red Willow 2,460 780 0.58

1/ Calculated using average July seepage for 1971-1980, less high and low
months.

Open ditch laterals were the standard design when the irrigation systems
were constructed. The open ditch systems have high seepage losses, high
annual maintenance costs, and associated drainage costs.

Harlan County Lake is the principal storage reservoir of the
Kansas-Bostwick Irrigation District. Water is released from Harlan County
Lake into the Republican River for diversion at the Superior-Courtland
Diversion Dam. Water is then delivered through the Courtland Canal for
secondary storage in Lovewell Reservoir. River fluctuations have occurred
in the 44 miles between Harlan County Dam and the diversion dam due to
precipitation. There is no opportunity to store the resulting peak flows
and much of this water is unable to be diverted into the Courtland Canal at
the diversion dam (bypassed).

Except for the five canal gates at the diversion dam, none of the control
gates in the canal structures are motorized. Normal regulation of flows in
the canal occurs during daylight hours, with only emergency situations
dictating afterhours operation. In order to maintain near constant turnout
flows for laterals and farm deliveries, along with accurate measurement and
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accounting of these flows, the water surface elevation in the canal must be
maintained relatively constant. Consequently, present manual operations
preclude the conservation of the erratic fluctuating bypass flows.

Surface Water Irrigation

Surface water supply for irrigation is affected by the amounts of water
available for diversion to the canals and laterals that comprise the
jrrigation districts in the Republican River Basin. Significant changes
have occurred in the watershed runoff characteristics during the past 3
decades. Several factors that are affecting surface water supply in the
basin are: development and addition of soil and water conservation
practices, changes in base flow due to increased ground-water pumping for
irrigation, and cyclical variations in the precipitation regime.

Recharge from surface water irrigation practices has contributed a
significant amount of water to the ground-water system in several areas of
the basin. Deep percolation from applied surface water and seepage from
canals and reservoirs in the Platte River Basin have caused water level
rises up to 50 feet along the northern edge of the study area in Nebraska.
In Kansas, water level rises due to surface water irrigation have occurred
in the Grand Island Formation east of Lovewell Reservoir and in Pleistocene
and Cretaceous deposits to the southwest. Small areas of rising water
tables have also occurred near several reservoirs in the basin as a result
of seepage.

Return flows from surface water have also increased the base flows in
several of the major streams. Streams showing large increases in base flow
include Driftwood and Blackwood Creeks, and the Republican River reach from
Hardy, Nebraska, to Concordia, Kansas.

The estimated average annual recharge from surface water irrigation in the
Republican River Basin (including seepage from the Platte River Basin) for
the historic period is 211,300 acre-ft.

Ground-Water Pumping

Well development in the study area since the mid-1950's to 1960 has
increased at a significant rate. Figures 8 and 9 graphically show the
increase in well development by subbasin for the historic period. The
number of irrigation, municipal, and industrial wells registered with the
three states and acres irrigated with ground water as of May 1, 1978, are:
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NO. OF WELLS

Figure 8.--Annual number of registered wells as of May 1, 1978,
in each subbasin of the Upper Republican River Basin
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Figure 8 {con.).--Annual number of registerced wells as of May 1, 1978,
in each subbasin of the Upper Republican River Basin
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Figure 8 (con.).--Annual number of registered wells as of May 1, 1978,
in each subbasin of the Upper Republican River Basin
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Figure 8 (con.).--Annual number of registered wells as of May 1, 1978,
in each subbasin of the Upper Republican River Basin
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Figure 8 (con.).--Annual number of registered wells as of May 1, 1978,
in each subbasin of the Upper Republican River Basin
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Annual number of registered wells as of May 1, 1978 in each

subbasin of the Lower Republican River Basin

Figure 9 --
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Number of Acres

_wells  irrigated
South Fork Republican 1,202 112,300
Arikaree 395 42,900
North Fork Republican 1,152 145,600
Frenchman 3,287 441,600
Blackwood 176 19,600
Red Willow 341 40,400
Medicine 325 53,200
Driftwood 22 2,300
Beaver and Sappa _ 2,228 225,300
Prairie Dog . 572 31,200
Mainstem Republican above Harlan

County Dam 2,339 159,000
Republican from Harlan County Dam

to Nebraska-Kansas State line 1,807 187,000
State line to Milford Dam 803 72,700

Total 14,649 1,533,100

In 1978, these wells were estimated to have pumped 2,131,400 acre-feet.
This pumping caused an extensive amount of water level declines. The areas
showing the greatest amount of water level declines are generally those
portions of the basin adjacent to the Colorado State line. Declines of up
to 40 feet have occurred in the areas along the southern half of the
Colorado State lire, mainly in the upper reaches of the Beaver and Sappa
Creeks subbasin. Along the northern half of the state line declines have
not been as great, ranging up to 20 feet. This is probably due to the
sandier soils found in the upper half of the study area which allows for an
increased recharge rate.

Although there has been a significant decline of water levels in certain
areas, the overall reduction in volume of ground water in storage has not
been as significant. This is mainly due to a saturated thickness that is
generally quite large. The greatest saturated thickness, over 500 feet,
occurs in the Ogallala Formation in the upper reach of the Medicine Creek
subbasin in Nebraska. Saturated thickness in the northern half of the
study area averages about 200 feet and decreases in a southerly direction.
Average saturated thickness in the southern half of the basin is about
100 feet. The total predevelopment (pre-1950's) volume of ground water in
storage for the Republican River Basin above Harlan County Dam and the
section of the basin from Harlan County Dam down to the Nebraska-Kansas
State line was determined to be 347,893,300 acre-feet. The 1977-1978
storage volume for the same area was 341,396,000 acre-feet. This
represents a historic decline in storage of 6,497,300 acre-feet, which is 2
percent of the predevelopment storage volume. Table 12 shows storage
changes that have occurred from predevelopment to 1977-1978 by subbasin.
The 1977 storage volume of the lower Republican River Basin in Kansas for
alluvium and terrace deposits was calculated to be 1,173,700 acre-feet.

Ground-water pumping has also had a significant effect on base flow
contributions to streams in the basin. When a pumping well operates near a
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Table 12.--Predevelopment and 1977-1978 volumes of ground water

in storage and change in storage

Predevelopment 1977-1978
volume in volume in - Change in
storage storage storage Percent

Subbasin (acre-ft) (acre-ft) (acre-ft) change
South Fork

Republican 21,201,900 19,357,700 -1,844,200 -9
Arikaree 10,528,700 9,776,200 - 752,500 -7
North Fork

Republican 30,341,500 29,170,100- -1,171,400 -4
Frenchman 105,830,700 103,986,000 -1,844,700 -2
Blackwood 13,887,500 13,892,900 5,400 0
Red Willow 27,182,400 28,001,900 819,500 3
Medicine 35,522,000 36,592,200 1,070,200 3
Driftwood 1,270,300 1,271,000 700 0
Beaver and

Sappa 42,166,800 .38,351,300 -3,815,500 -9
Prairie Dog 7,211,500 6,946,700 - 264,800 -4
Republican above

Harlan County

Dam 38,002,600 38,903,000 900,400 2
Republican from

Harlan County

‘Dam to Nebraska-

Kansas State line 14,747,400 15,147,000 399,600 3
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stream it can either reverse the water table gradient between the well and
the stream, which induces streamflow to seep to the aquifer, or it can
decrease the former gradient towards the stream which in turn decreases the
aquifer to stream discharge. These effects do not instantaneously affect
the stream, but rather lag behind the operation.of the well depending upon
aquifer properties and distance from the well to the stream.

The base flow used in this report is actually the mean wintertime
streamflow for the months of November to February for the upper Republican
Basin and November to January for the lower Republican Basin. This mean
streamflow was assumed to represent the annual average base flow and was
calculated for every year of available record. These annual values were
then plotted into a single-mass diagram to determine if there were any
significant changes in the long-term base flow regime. Note that in
several instances the estimated base flow is greater than the average
annual flow (Buffalo Creek), figure 5 and table 13). This occurs because
diversions in the spring and summer months reduce the average annual flows
to values lower than the base flows calculated by averaging streamflows
over the winter months.

Several streams in the upper Republican River Basin have been experiencing
significant declines in base flow and are listed in table 13. Beaver Creek
at Cedar Bluffs, Kansas, has experienced the greatest decline with 98
percent reduction in base flow since 1968. Probable maximum streamflow
depletions caused by pumping wells were calculated by the Glover method.
The results of those calculations, listed in table 14 by subbasin, show
that wells are significantly stressing the streamflow in the basin.

It should be noted that the above derived streamflow depletions were not
verifiable and based on the assumptions needed to use the Glover method,
they are probably higher than the actual depletions. Since the calculated
depletions were used to project the future water supply in the basin, the
results will probably show a smaller future water supply than will actually
exist.

Soil and Water Conservation Practices

Soil and water conservation practices (residue management, terracing, and
farm ponds) contribute the largest depletions to the basin water supply.

During the past 3 decades, soil and water conservation practices have
increased dramatically. The purpose of the practices is to reduce soil
erosion and increase the available soil moisture for plant growth by
holding more moisture in the soil profile. Changes in runoff have reduced
the inflows to the reservoirs in the Republican River Basin. Table 15
shows how the farm water pond distribution has developed over the study
period. Figure 10 graphically shows the development of the land terrace
and contouring, crop residue management, and farm ponds based on
percentages of the 1979 levels. Table 16 presents the total acres terraced
and total acres of crop residue management in use as of 1979. There are
two curves for lands treated with crop residue management practices. These
imply that lands with higher percentages of row crops historically have had
lTower levels of crop residue management.
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Table 14.--Historic streamflow depletions due to pumping wells
in the Upper Republican River Basin
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Table 14.--Historic streamflow depletions due to pumping wells
in the Lower Republican River Basin

(continued)
YEAR REPUB. R. REPUB. R. WHITE ROCK BUFFALD
‘ SUBBASIN SUBBASIN CREEK CREEK

ABOVE NEB.- EELOW NEB.-  SUBEASIN SUBBASIN

KS. STATE KS. STATE

LINE LINE

(ACRE-FT) (ACRE-FT) (ACRE-FT) (ACRE-FT)
1930 0 1300 100 100
1931 o 1600 200 100
1932 ) 1700 200 100
1933 0 1800 200 100
1934 ) 1800 200 100
1935 400 1800 200 100
1936 500 1800 200 100
1937 600 1800 200 100
1938 700 1800 200 100
1939 800 1800 200 100
1940 200 1800 200 100
1941 1000 1800 200 100
1942 1100 1900 200 100
1943 1100 1900 200 100
1944 1200 1900 200 100
1945 1400 1900 200 100
1946 1500 1900 200 100
1947 1700 1900 200 100
1948 2200 1900 200 100
1949 2600 1900 200 100
1950 3100 1900 200 100
1951 3300 2000 200 100
1952 3600 2000 200 100
1953 4200 3600 200 100
1954 5400 5600 200 300
1955 €500 10000 200 400
1956 7600 14500 200 400
1957 8400 17500 200 500
1958 9100 18900 200 500
1959 9500 20100 200 500
1960 10000 20700 200 500
1961 10400 21300 200 500
1962 10800 21700 200 500
1963 11100 22500 200 500
1864 11700 23400 200 S00
1965 12400 24600 200 602
1966 13100 26600 300 600
1967 14100 28600 €20 800
196€ 15200 30507 220 800
1960 16100 32000 200 800
1870 17200 33300 800 800
1971 18600 34400 800 - 800
1972 20000 35600 800 800
1973 2160C 36900 800 800
1974 22200 38400 800 800
1975 24700 4050C : 800 900
1976 26900 43300 800 900
1977 29300 48300 300 100¢
1978 31100 51600 300 1000
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Table 15.--Number of farm water ponds, Republican River Basin

Subbasin 1349 1954 1959 1364 1365 137% 1379
Above Harlan County Dam ‘

Frenchman Creek {CO) 237 354 472 539 607 640 674
(NE) 388 581 775 : 886 996 1,052 1,107

North Fork
Republican (co) 54 81 109 124 140 147 155
(NE) 37 56 75 85 96 101 107
(ks) 6 10 13 15 17 18 18
Arikaree Rvr {co) 102 153 204 233 262 277 291
(NE) 1 2 2 2 3 3 3
(ks) 8 12 16 18 20 22 23
South Fork {co) 111 166 222 253 285 301 317
Republican (NE) 1 2 2 3 3 3 3
(XS) 117 175 233 267 300 317 333
Blackwood Crk  (NE) S0 75 100 114 129 136 143
Red Willow Crk {NE) 145 217 289 331 372 393 414
Driftwood Crk  {NE) 80 120 160 183 206 217 229
(KS) 28 42 57 65 73 77 81
Sappa Crk (co) 39 59 78 90 101 106 189
(NE) 550 825 1,100 1,257 1,414 1,492 1,571
(Ks) 466 699 332 1,066 1,199 1,266 1,332
Prairie Dog Crk (NE) 56 84 113 129 145 153 161
(kS) 232 347 463 529 596 629 662
Medicine Crk (NE) 260 391 521 595 670 707 744
Main Stem (NE) 1,264 1,896 2,528 2,889 3,250 3,431 3,611
Republican Rvr(KS) 36 54 72 82 92 98 103

Below Harlan County Dam

Main Stem (NE) 1,335 2,002 2,669 3,050 3,432 3,622 - 3,813
Republican Rvr{KS) 1,636 2,453 3,271 3,739 4,206 4,440 4,673
white Rock Crk (KS) 415 620 827 945 1,063 1,123 1,182
Buffalo Crk (xs) 362 543 724 827 " 930 982 1,033
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Table 16.--Conservation Practices - 1979 - Republican River Basin

Subbasin

Terraced
(total acres)

Crop residue mgmt
(total acres)

Above Harlan County Dam

Frenchman Creek

- North Fork Republican
River

South Fork Republican
River

Blackwood Creek

Red Willow Creek

Driftwood Creek

Sappa Creek

Prairie Dog Creek

Arikaree River

Medicine Creek

Main Stem Republican
River

Below Harlan County Dam
Main Stem Republican
River

White Rock Creek

Buffalo Creek

(NE)
(KS)

(co)
(NE)
(KS)

(NE)
(Ks)

(co)
(NE)
(Ks)
(NE)
(NE)
(KS)
(NE)
(ks)
(KS)

(Ks)

185,555
213,925

8,776
60,110
27,312
174,706

27,312
128,504
170,904
469,757

287,635
234,211

83,685
447,747
790,246

256,299
975,091

174,706
27,312
60,110

587,348

833,240

377,497

209,878

631,764

310,769

276,898

1,454,373
926,953

791,325
301,000
123,647
1,350,768
123,647
696,000
730,210
858,614

435,014
575,592

530,000
459,474
1,387,012

259,474
1,520,268

1,350,768
123,647
301,000

1,004,614

1,277,554
770,592
242,088

1,371,300
768,485

789,159
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The impacts of the various soil and water conservation practices have been
estimated using an adapted version of the SCS (Soil Conservation Service)
method described in the SCS National Engineering Handbook, section 4
(1972).

To assess these impacts, two computer models have been developed. The
first model simulates the surface hydrology of the basin by segregating the
conservation practice water uses into each factor contributing to runoff
(land uses). This program also models the water budget of a typical farm
pond. The second model uses the precipitation excess as calculated by the
first program to determine runoff depletions in the watershed. Depletions
are segregated into those attributed to terraces, crop residue management,
and farm/stock ponds.

The subbasins of the upper Republican River Basin have an average annual
historic conservation practice depletion of 197,300 acre-feet/year while
the subbasins below Harlan County Lake are depleted by 129,500
acre-feet/year.

If conservation practice development remains at a level consistent with
those of 1978, 238,200 acre-feet/year of depleted inflow may be expected
,above Harlan County Dam. Depletions in the lower basin may be expected to
occur at a rate of 97,300 acre-feet/year.

Table 17 shows the depletions on an average annual basis for each of the
subbasins in the Republican River Basin. Table 18 presents the historic
and present level of development depletions for the entire basin.

In several of the subbasins in the lower basin, depletions are lower than
expected when compared to historic rates. This is because levels of
development are less as a result of decreased acreages harvested in 1978
than they have been historically. For example, in 1978 there were 1.6
million acres harvested in the Kansas portion of the lower Republican River
Basin versus 1.75 million acres in 1974,

Based on future rates of development, it is estimated that depletions will
be 15 percent larger than what currently exists. This implies that
depletions of 273,900 and 111,900 acre-feet would occur annually in the
upper and lower basins, respectively.

Conservation is an important factor. If the future water supply of the
basin is to be assured, conservation practices need to be recognized as a
major source of depletion to the flows in the Republican River Basin and
managed accordingly.

The conservation practice depletions are not easily verifiable. The
methodology used is empirically derived and is data intensive. In all
fairness, the depletions are probably high and should be used with caution.

Any estimates of future water supply are probably not as low as the results
indicate.
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Table 17--Average annual conservation practice depletions

1949-1978
Level of development
Present
Historic 1978
Basin and subbasin (acre-ft) (acre-ft)
Upper Republican
Frenchman Creek 26,500 33,900
North Fork Republican 4,200 5,900
Arikaree 3,600 5,300
South Fork Republican 9,400 11,800
Blackwood Creek 2,300 3,000
Red Willow Creek 6,000 7,400
Driftwood Creek 6,100 7,000
Beaver and Sappa Creeks 66,500 76,400
Prairie Dog Creek 19,000 20,400
Medicine Creek 9,600 12,200
Main Stem Republican River 44,100 54,900
Lower Republican

Buffalo Creek 13,800 18,400
Lower Republican River - NE 36,500 22,300
Lower Republican River - KS 65,300 38,100
White Rock Creek _13,900 18,500
Total depletion 326,800 335,500




Table 18--Total Republican River Basin conservation
practice depletions

Level of development

Historic Present (13978)
Year (1,000 acre-ft) (1,000 acre-ft)
1949 203.52 414.97
1950 157.08 298.72
1951 318.09 639.16
1952 60.58 115.21
1953 112.26 240.63
1954 67.59 82.88
1955 90.57 122.68
1956 45 .43 60.26
1957 342.54 : 472.13
1958 226.59 304.32
1958 237.82 233.63
1960 302.92 289.63
1961 374 .91 360.59
1962 476.59 551.11
1863 248.59 274 .00
1964 252.29 219.57
1965 851.00 834.15
1966 167.28 175.21
1967 457.46 425.74
1968 310.55 277.25
1969 453.40 407.03
1970 270.89 197.74
1971 583.17 484.68
1972 480,51 385.02
1973 791 .49 639.62
1974 205.40 186.91
1975 549.01 459,35
1976 177.73 146.16
1977 704 .01 566.01
1978 282.33 195.29

Total depletion 9,799 10,062




Precipitation Changes

In an arid to semiarid basin, such as the Republican, agriculture is
extremely sensitive to any changes in the precipitation regime. These
changes must be analyzed as a possible source of declining water supply in
the Republican River Basin.

Precipitation patterns in the Republican River Basin are quite variable and
spotty, especially the.highly localized thunderstorms that are so frequent.
Because of the storms, the conclusions presented below are based on trends
and changes which occurred over a period of 5 or more years.

In the upper portion of the basin above Harlan County Lake, Thiessen-
weighted annual precipitation has averaged 0.50 and 2.60 inches for
1966-1973 and 1974-1978, respectively, below a 59-year (1920-1978) average
of 18.64 inches. The 1957-1978 precipitation is 18.54 inches.

For the 1lower portion below Harlan County Lake, Thiessen-weighted
precipitation averaged 2.86 inches (1966-1973) above and 1.25 inches
(1974-1978) below a b59-year average of 26.74 inches. The 1957-1978
precipitation is 2.54 inches greater than the 59-year average.

In the upper basin, from Thiessen-weighted precipitation averages, it is
apparent that predevelopment precipitation was not significantly greater
than what has occurred historically since 1957. However, since 1974,
Thiessen-weighted precipitation has been reduced for both the upper and
lower basins.

The amounts of surface water runoff in a basin are not as much a function
of the total annual precipitation as the frequency, duration, and intensity
at which this precipitation occurs. The number of storms with amounts
greater than 1 inch and with durations of 24 hours or less have been
declining since the 1957-1965 period. Compared to the 1957-1965 period,
1966-1973 and 1974-1978 had only 77 and 70 percent as many storms per year,
respectively.

Such a marked decrease in these events coincides with decreases in
precipitation. Since these events are the ones that likely cause much of
the surface runoff in the basin, it would follow that inflows to reservoirs
would be decreasing with time as well.

In substantial parts of the basin, soils have high infiltration rates
leaving insignificant amounts of surface runoff. Where surface runoff is
an important component of inflow and with soil and water conservation
practices in recent times, 1little runoff is expected unless daily
precipitation exceeds 1.25 inches.

Over the period of record precipitation exhibits cyclic variations. This
is substantiated by the droughts of the 1930's, 1950's, and mid-to-late
1970's.  Whether or not the precipitation trends of the late 1970's are
permanent or merely part of a cycle remains to be seen. More recent
records of precipitation would indicate that a return to the cyclic
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fluctuations more common in the past 60 years would be a probable future
condition. With the addition of soil and water conservation practices, the
relative amount of precipitation and the magnitude, frequency, intensity,
and duration required to produce runoff may have increased.

Riparian Vegetation

Consumption of ground water by riparian vegetation is significant. The
consumption by riparian vegetation is estimated to be 18 percent of the
total outflow of ground water from the aquifer system over the historic
period in the Upper Republican River Basin. It is not known if the amount
of riparian vegetation has changed over the historic period. The
installation and filling of reservoirs has eliminated some streamside
vegetation, but this could have been partially offset by an increase in
vegetative growth along reservoir shorelines. There has probably been some
decline in vegetation 1in areas where the water table has declined.
Increases in vegetative growth could have occurred in areas where the water
table has risen and along streams where the streamflow has increased or
stabilized to a more consistent annual flow such as below reservoirs. It
also is not known how much vegetation has been removed to make space for
agricultural land development.

Riparian vegetation has provided protection to numerous species of wildlife
and enabled increases in their numbers. Many of these species provide
numerous hours of recreational activity as well as economic benefits to the
area, The amount of riparian vegetation in the Upper Republican River
Basin in 1978 was determined to be 53,200 acres from Landsat photos.
Fader (1968) determined (from aerial photos) that the Lower Republican
River Valley between Hardy, Nebraska, and the Clay County line in Kansas
contained 3,800 acres of cottonwoods and willows. The remainder of the
Lower Republican River Valley below Harlan County Dam was estimated
(from 1:250,000 USGS topographic maps) to have 11,700 acres of riparian
vegetation. Table 19 shows the riparian acreage by subbasin for the
Republican River Basin. Assuming that the riparian vegetation consists
essentially of cottonwoods and willows, the estimated average annual depth
of consumptive use of the vegetation determined by the Blaney and
Criddle (1949) method is 4.1 feet, or a total basin average consumption of
281,500 acre-feet/year of ground water.

Republican River Compact

The Republican River Compact of 1942 is an agreement between the States of
Colorado, Nebraska, and Kansas governing the waters of the Republican River
and its tributaries and provides for their most efficient use and equitable
division. Specific allocations in acre-feet are made to each state derived
from the computed average annual virgin water supply originating in each of
the designated drainage subbasins of the Republican River Basin.

If the computed annual virgin water supply of any source varies more than
10 percent from the original compact virgin water supply, the allocations
made from the water sources in the following years are increased or
decreased in relative proportions so that the yearly computed virgin water
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Table 19.--Acres of riparian vegetation per subbasin
in the Republican River Basin

Subbasin . , Acres
South Fork Republican 3,625
.Arikaree , 941
North Fork Republican 2,528
Frenchman 2,313
Blackwood 365
Red Willow 1,186
Medicine ‘ 2.458
Driftwood 254
Beaver and Sappa 9,261
Prairie Dog 3,300

Republican above Harlan
County Dam 26,949

Republican from Harlan
County Dam to Nebraska-
Kansas State line 9,920

Republican from Nebraska-
Kansas State line to
Milford Dam 5,568
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supply is proportional to the original compact computed virgin water
supply.

Within Colorado, Nebraska, and Kansas, a total of 54,100 acre-feet, 234,500
acre-feet, and 190,300 acre-feet, respectively, of water is allocated for
beneficial consumptive use annually. The water is to be derived from the
sources in the amounts specified, subject to such quantities being
physically available from the sources.

Water Rights Law

Each state containing the Republican River Basin has specific water rights
Jaws which govern the use of both surface and ground water. The following
summarizes the laws by which each state appropriates its surface water and
ground water supply.

Colorado

Surface Water.--Colorado is an appropriation doctrine state. Since
Colorado was the first state to adopt a pure appropriation system and
having never followed the riparian rights theory, the doctrine early became
known as the Colorado doctrine. The state engineer is charged with the
administration and distribution of the State's waters. As chief of the
Division of Water Resources, Department of Natural Resources, he has
control over measurement, record keeping, and distribution of the public
water of the State.

The State constitution declares that the unappropriated water of every
natural stream is the property of the public, subject to appropriation, and
that the right to divert unappropriated waters of any natural stream to
beneficial uses shall never be denied. The state engineer and division
engineers administer and distribute water to water rights holders in
accordance with court adjudicated decrees for certain amounts of water and
priorities for each right. Administration, distribution, and regulation of
the use of water, both surface and ground water, is accomplished through
the declaration of rules and regulations, and through the issuance of
orders to individual owners and users of water rights.

Ground Water.--Ground water in the State of Colorado is, like surface
water, subject to the law of appropriation. This water is characterized as
either tributary or not tributary to a major stream.

Tributary ground water includes seepage, underflow, or percolating water,
if that water would eventually become a part of a natural stream. A
natural stream's waters include water in the unconsolidated alluvial
aquifer of sand, gravel, and other sedimentary materials, and other waters
hydraulically connected which can influence the rate or direction of
movement of the water in that stream. Water rights for tributary water
wells must be adjudicated in order to be given priority as to their actual
dates of initiation. Ground water is classified as tributary if its
withdrawal will significantly deplete any adjacent streams within 100 years
at its adjudicated rate of withdrawal as specified on the well permit
application.
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Nontributary ground water includes all subsurface waters which are not
hydraulically connected to any adjacent surface streams and whose
withdrawal will not affect the rate or direction of movement of the water
in those surface streams. Nontributary ground-water appropriation is based
on the area of an applicant's property to which the water is to be put to
beneficial use, the estimated quantity of water stored in the aquifer(s)
underlying the applicant's property, the estimated annual rate of recharge,
the estimated use of ground water in the area, and the number of users
drawing water at the time of determination. . If there are no
unappropriated waters in the designated source, or if the appropriation
would unreasonably impair existing water rights, then the application is
denied. If the proposed appropriation will not unreasonably impair
existing rights, then the permit is granted, subject to any specified
conditions or limitations.

Kansas

Surface Water.--As part of the initial settlement and development of
the State, Kansas adopted the riparian system of water rights. It was not
until 1945 that legislation was enacted which implemented the appropriation
system as the exclusive method of acquiring water rights in the State.
Under the water code, unallocated water is subject to appropriation while
all prior rights, whether appropriation or riparian, are preserved and
protected.

The general administrative control of Kansas water resources is vested in
the Division of Water Resources, State Board of Agriculture. This division
is administered by the chief engineer, who is responsible for administering
the statutes governing the appropriation and distribution of the water.
A1l water within the State is dedicated to the use of the people of the
State. No person may acquire an appropriation right for the use of water
of the State for other than domestic purposes without making an application
to the chief engineer for a permit to make such appropriation.

Ground Water.--Kansas ground water, since the adoption of the water
code of 1945, is now subject to State administration and control. Prior to
this enactment, ground water belonged to the owner of the land overlying it
for use as he wished. However, ground water hydraulically connected to a
surface stream never belonged to the overlying landowner, but has always
been governed by appropriation. The 1945 act dedicated all of the
unallocated water to the use of -the people of the State and provided that
rights, except for domestic use, could only be acquired by filing an
application for a permit with the State Chief Engineer. All prior water
rights were protected if the ground water was previously put to beneficial
use or put to beneficial use within a reasonable time after the act was
passed. The owner of an existing right did not acquire a vested right to
the existing water level. In considering the effect of new applications on
existing ground-water rights, the act specified that impairment is limited
to the unreasonable raising or lowering of the static water level. The
approval of each application is subject to the express condition that the
water right must allow for a reasonable raising or lowering of the static
water level.
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Special provisions relate to artesian rights. Water obtained by an
artesian well and put to beneficial use is considered to be appropriated.
In addition, regulation of the drilling, construction, and use of artesian
water is specified.

Nebraska

Surface Water.--Early decisions in the 1890's recognized the riparian
system i1n Nebraska. In 1895, a more comprehensive irrigation law was
enacted. Under 1it, the water of every natural stream not already
appropriated was declared to be the property of the public and subject to
appropriation for a beneficial use. Between users for the same purpose,
priority in time of appropriation was recognized as conferring a prior
right. However, a preference was accorded to domestic uses which were
considered to be the highest value. The Department of Water Resources has
supervisory power over all waters of the state, and acts upon all
applications to appropriate or store water.

Riparian rights are confined to pre-1895 grants. Between riparians, the
common-law doctrine of reasonable use governs their relative rights to the
water, Between a riparian and an appropriator, early Nebraska court
decisions found the appropriator superior. In 1966, the caurts ruled
differently. They now consider and decide water right disputes between
riparians and appropriators on the basis of equality, having now recognized
that both sides possess equally protected interests. Since the preference
system applies only to appropriators, riparians may seek the protection of
equitable remedy regardless nf the contesting use.

Ground__ Water.--Before 1963, the Nebraska Court followed the
"reasnnable use" rule as a guide to a landowner's right to appropriate
ground water.  There was no requirement that a permit be obtained by an
appropriator of qround water. A ground-water code adopted in 1963 defines
thit water as water which occurs, seeps, tilters, or percolates through the
groind  under  Lhe surface. Due to the fact that pumping water for
irrigation near streams may affecl those streams, the legislature required
Lhat appropriators Secure a permit in such a situation from the Nebraska
Depariment of Water Resources bhefore initiating such use. The department
may take inlo consideration the effect of the pumping on the amount of
water in the stream, and the ability of the stream to meet the requirements
of appropriators from the stream. Municipalities receive a special
preference for domestic use.

Nonproject Water Rights for the Republican River Basin

Applications for permit to appropriate surface water for beneficial use in
the Republican River drainige have been summarized from records of the
Kansas State Board of Agri-ulture, Division of Water Resources; Colorado
State Engineer's Office; and the Nebraska State Department of Water
Resources. Table 20 summarizes the applications for the use of surface
water in the Republican River Basin by non-Federal entities. The water
right summaries have been grouped according to their location within either
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Table 20.--Summary of Nonproject surface water rights
Republican River Basin

Basin, state, Flow water rights Storage water rights
and subbasin number total fto/s number total acre-feet

Lower Republican

Kansas
Main Stem 85 218.64 3 2,065.0
White Rock Creek 31 73.5 0 -—-
Buffalo Creek 10 21.1 3 4,336.0
Nebraska
Main Stem 42 28.94 3 364.7
Upper Republican

Colorado
Frenchman Creek 4 2.20 2 141.9
North fFork 22 175.01 3 143.5
Arikaree River 18 84,50 1 459.0
South Fork 34 202.02 5 182.0
Beaver and Sappa

Creeks f] -——— 1 42.3
Kansas
South Fork 6 10.64 0 -——-
Beaver and Sappa

Creeks 25 40,08 1 322.0
Prairie Dog Creek 64 240.24 0 -—--
Nebraska
Frenchman Creek 122 627.55 16 5,989.1
North Fork 26 66.79 11 324.7
South Fork 1 0.79 0 -
Blackwood Creek 4 6.42 0 -——-
Red Willow Creek 55 144.03 2 45,2
Beaver and Sappa

Creeks 120 140.63 17 940.3
Prairie Dog Creek 13 8.82 1 101.0
Medicine Creek 75 4G.79 13 782.2
Main Stem 179 590.00 29 1,756.5
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the upper or lower Republican River Basin (above or below Harlan County
Dam, Nebraska), their location by state, and by the subbasin they are
located in. The water rights are also d1v1ded between flow and storage.

Flow water rights are measured in units of ft3/s while storage water rights
- are measured in units of acre-feet.

Reclamation Irrigation Divisions Water Right Filings

Within the Republican River Basin are the Upper Republican,
Frenchman-Cambridge, Kanaska, and Bostwick Divisions. Applications for
permit to appropriate water within these four divisions provide for both
the storage of water within the nine storage facilities utilized to supply
the irrigation divisions and for the application of water on the division
lands.

Upper Republican Division

The Upper Republican Division contains the Armel Unit, which consists of
Bonny Reservoir and Hale Ditch. This unit is located in eastern Colorado
on the South Fork of the Republican River. A water right to store 351,460
acre-feet in Bonny Reservoir was filed in November 1950. It most likely
will be reduced when Bonny Reservoir's water right filing becomes
adjudicated, because it exceeds the conservation storage capacity of the
reservoir.

Originally, irrigation was to have been one of the benefits derived from
Bonny Reservoir. Later investigations disclosed that an economically
feasible plan for Federal development could not be formulated for the
24,000 acres of irrigable 1land. As a result, Bonny Reservoir's
conservation space was sold to the State of Colorado for fish, wildlife,
and recreation use.

Frenchman-Cambridge Division

The Frenchman-Cambridge Division is located in southwestern Nebraska and
extends from Palisade southeastward along the Frenchman River and from
Swanson Lake eastward along the Republican River to Harlan County Lake.

Storage facilities for this division consist of Enders Reservoir and
Swanson, Hugh Butler, and Harry Strunk Lakes. Storage water right filings
for these reservoirs and their priority dates are:

Enders Reservoir - 44,079 acre-feet, May 1946

Swanson Lake - 122,800 acre-feet, July 1951

Hugh Butler Lake - 38,400 acre-feet, July 1951 and August 1960
(two filings)

Harry Strunk Lake - 40,000 acre-feet, May 1946

Four units are located within the Frenchman-Cambridge Division. These are
the Meeker-Driftwood, Frenchman, Red Willow, and Cambridge Units.

The Meeker-Driftwood Unit is located along the south side of the Republican
River immediately below Swanson Lake in Hitchcock and Red Willow Counties.

60



The unit receives its water supply directly from Swanson Lake, located on
the Republican River near Trenton, Nebraska. Water right filings have been
made for this unit providing for the irrigation of 34,783 acres.

The Frenchman Unit utilizes water stored in Enders Reservoir, which is
located on the Frenchman River near Enders, Nebraska. This unit 1is
situated along the north side of the Frenchman River between the Culbertson
Diversion Dam and Culbertson, Nebraska, and on the north side of the
Republican River from near Culbertson to just east of McCook, Nebraska.
Water right filings for this unit provide for the irrigation of 43,022
acres.

The Red Willow Unit receives water from Hugh Butler Lake, located on Red
Willow Creek north of McCook, Nebraska.

The unit is located along the north side of the Republican River from the
confluence of Red Willow Creek and the Republican River to Cambridge,
Nebraska, and on the south side of the Republican River between the Bartiey
Diversion Dam and Holbrook, Nebraska. Water right filings for the Red
Willow Unit provide for the irrigation of 25,029 acres.

The Cambridge Unit is located along the north side of the Republican River
between the towns of Cambridge and Alma, Nebraska. Water for this unit is
supplied by Harry Strunk Lake, located on Medicine Creek, and by natural
flow of the Republican River. Water rights filed for the Cambridge Unit
provide for the irrigation of 34,994 acres.

Kanaska Division

The Kanaska Division, located along Prairie Dog Creek in north-central
Kansas, contains the Almena Unit, which consists of Keith Sebelius Lake and
the Almena Irrigation District. Keith Sebelius Lake is located about 2.5
miles west of Norton, Kansas. The Almena Irrigation District lands are
located about 11 miles below Keith Sebelius Lake on both the north and
south sides of Prairie Dog Creek, immediately downstream of the Almena
Diversion Dam. A water right to store 36,700 acre-feet within Keith
Sebelius Lake was filed in February 1957. The corresponding Almena
Irrigation District has water right filings which provide for irrigation of
5,350 acres. Norton, Kansas receives a full municipal water supply from
Keith Sebelius Lake. A 1963 water right grants the city storage of 1,600
acre-feet in the lake and maximum releases from storage of 1,600
acre-feet/year.

Bostwick Division

The Bostwick Division is 1located in south-central Nebraska and north-
central Kansas. It extends from Harlan County Lake, located on the
Republican River in Nebraska, to Concordia, Kansas, and includes lands on
both sides of the Republican River.

Water for the Bostwick Division is stored in Harlan County Lake in Nebraska
and Lovewell Reservoir located on White Rock Creek in Kansas. A water
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right to store 350,000 acre-feet in Harlan County Lake was filed in January
1948. Lovewell Reservoir has a water right which was filed in October 1955
and provides for the storage of 41,690 acre-feet. Of this storage within
Lovewell Reservoir, 19,700 acre-feet annually can be supplied from White
Rock Creek with the remaining to come from the Republican River through
canal diversion.

Three units are located within the Bostwick Division. These are the
Franklin, Superior-Courtland, and Courtland Units in Kansas.

The Franklin Unit diverts water directly from Harlan County Lake and from
the Republican River through a pumping station 17 miles downstream from the
reservoir. This unit extends from Harlan County Lake along the north side
of the Republican River to a point 47.9 miles east. In addition, it
extends approximately 10 miles along the south side of the Republican River
from Harlan County Lake, and 5 miles along the south side from the pumping
station. Associated water rights filings provide for the irrigation of
30,607 acres.

The Superior-Courtland Unit originates at the Superior-Courtland Diversion
Dam, located on the Republican River in Nebraska. It extends 30 miles
eastward along the north side of the Republican River to near the
Nebraska-Kansas State line. South of the Republican River, the
Superior-Courtland Unit extends just past the Nebraska-Kansas State line to
Lovewell Reservoir in Kansas. Water right filings for this unit provide
for the irrigation of 31,341 acres.

The Courtland Unit is located in Republic and Jewell Counties, Kansas.
Water is diverted from Lovewell Reservoir and conveyed southeast to the
vicinity of Courtland, Kansas. Water right filings for this unit provide
for the irrigation of 27,329 acres.

Water Quality

Surface waters of the Republican River Basin are turbid, containing a
moderate concentration of dissolved minerals. Streams display good oxygen
concentrations to support warm-water aquatic life. They carry a fairly
high level of nutrient materials as evidenced by the high concentrations of
nitrates and phosphates.

Water quality trends in the Republican River Basin are altered by the nine
major lakes and reservoirs located in the basin. Within these storage
facilities, there are reductions in suspended solids, BOD (biochemical
oxygen demands), COD (chemical oxygen demands), turbidity levels, and
dissolved solids. Biological and chemical reactions cause the reduction in
BOD, COD, and dissolved solids as well as small increases in pH. Water
retention reduces velocity and allows particulate matter to settle out.
This causes reduced turbidity and suspended solid concentrations in these
lakes and reservoirs. Keith Sebelius Lake and Lovewell Reservoir are both
very eutrophic; Milford Lake is slightly eutrophic. Pesticides have been
detected in both Milford Lake and Lovewell Reservoir water. Diminished
streamflow is lowering water quality since low flows are of higher quality
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than high flows. With high quality low flows being depleted, reservoirs
will become more dependent upon high flows of lower quality, which will
cause their quality to further deteriorate.

Within the upper areas of the Republican River Basin, water quality
parameter values are altered by the addition of water of lesser quality
from the Frenchman River and Red Willow and Medicine Creeks. Agricultural
practices and agricultural runoff contribute to the increase in fecal
coliform, turbidity, suspended solids, and nitrates throughout the basin.
Additionally, sewage treatment plant and industrial discharges and animal
feedlot runoff contribute to increases of suspended solids, fecal coliform,
and BOD. These nonpoint and point source contributions are the major
factors influencing the water quality parameters.

The major factor in determining surface water quality conditions is the
amount of flow. BOD, nutrients, bacterial numbers, and turbidity are at
their lowest level during low flow periods. During periods of high flow,
most surface waters display their poorest quality with significant
increases in these parameters. In terms of total yearly load, land runoff
is by far the largest contributor of BOD and nutrient materials to streams.

The Ogallala Formation, which is the largest supply of ground water in the
basin, contains water that is of good to excellent quality. Water from the
Ogallala tends to be a calcium-magnesium-bicarbonate type when the
formation overlies the Pierre Shale and a calcium-bicarbonate type when it
overlies the Niobrara Chalk.

Alluvium and terrace deposits show a decline in quality of the water.
Samples from these deposits show a high percentage exceeding the maximum
contaminant levels for total dissolved solids, sulfate, chloride, and
nitrate-nitrogen. When compared to Ogallala water, water from alluvial
deposits shifts to a sodium-bicarbonate-sulfate type.

There are several reasons for the increase in dissolved solids in the
alluvial deposits. These deposits act as collection zones for dissolved
salts moving in from the adjacent aquifer system to the major streams.
Water tables are also generally more shallow in these deposits, resulting
in higher evaporation rates and an increase in salt concentrations.
Agricultural practices can also be contributing to the decrease in water
quality in these deposits. Fader (1968) reports that in Clay and Cloud
Counties, Kansas, wells pumping in alluvium of the Republican River are
causing a local influx into the alluvial aquifer of more brackish water
from underlying formations.
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FISH AND WILDLIFE

Fishery Resources

Reservoirs

Data relative to fishing activity in the Republican River Basin was
collected by the FWS (Fish and Wildlife Service) from the CDW (Colorado
Division of Wildlife), NGP (Nebraska Game and Parks) and KFG (Kansas Fish
and Game) Commissions, and the 1980 National Hunting and Fishing Survey
("Republican River Reservoir Analysis,” FWS, June 1982 and "Evaluation of
Existing Use of Fish and Wildlife Resources in the Republican River Basin,"
FWS, August 1983). The 1982 analysis determined the effects of sustained
declines in surface areas and water 1level fluctuations on reservoir
fisheries.

Water records indicate that Hugh Butler Lake, Bonny and Lovewell Reservoirs
and Milford Lake remained at relatively the same sustained water surface
area between 1961 and 1980 (table 21). Bonny Reservoir and Milford Lake
are not subject to irrigation drawdown. Harlan County and Harry Strunk
Lakes exhibited a moderate decline and Swanson Lake and Enders Reservoir
experienced severe declines in water levels. Keith Sebelius Lake sustained
severe declines in water storage and surface area. During the years 1982
and 1983, with the exception of Keith Sebelius Lake and Enders Reservoir,
most water levels in the basin reservoirs returned to the top of their
regular conservation pool as a result of above average precipitation.
These conditions will not affect the results of the FWS studies unless they
continue over a long-term cycle (5 to 10 years).

The States of Kansas and Nebraska are currently studying various aspects of
reservoir fishery management. The studies include estimates of carrying
capacity and yield predictions while future studies will include habitat
suitability index calculations. State personnel note that the timing,
duration, frequency, and rate of reservoir discharge can be an important
factor to fish populations and crucial to the success or failure of a
single year class. This success or failure can affect the fishery for
extended periods of time. Of particular interest relative to instream
fisheries are flows during the spawning, hatching, and fry life stages
which can also drastically affect fish populations.

The COW estimated annual fisherman hours (based on random surveys) covering
4 weekdays and 4 weekend days per month. The surveys covered April through
August and consisted of instantaneous fisherman counts in the morning and
afternoon. The counts were multiplied times the number of weekdays and
weekend days in the year and added together to get the total estimated
hours. A creel census on 10 percent of the fishermen provided the basis
for estimates of the species and number of fish being caught.

Information based on a statewide postal census of approximately 5 percent
of their resident anglers was provided by NGP. The number of trips was
estimated based on the observation that 3 hours was the average length of
the fisherman trip. The KFG used randomly designed creel censuses for
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selection of 8-hour or 2-hour census periods. Anglers were censused during
selected periods and estimates of angler hours were also computed from boat
counts on the reservoirs. Total annual angling hours were calculated by
multiplying the number of fishing hours by the number of time periods in
the year.

Multiple regression formulas were wused 1in estimating Reclamation's
reservoir standing crops, sport fish harvest, and angler effort as well as
predicting total angler days in the Republican River Basin. The
reliability and applicability of these formulas were verified by the FWS
and Colorado, Kansas, and Nebraska fishery biologists.

The COW estimated that during the period 1966 through 1980, Bonny Reservoir
averaged 47,500 4-hour fishing days annually. The fisherman days per
surface acre on Bonny for the period ranged from a high of 106.8 in 1978 to
a low of 20.8 in 1980. In some instances car counts rather than creel
censuses were used which left some question regarding the final data.
Bonny has maintained an excellent standing crop of sport fish and receives
very heavy fishing pressure. Bonny fulfills a large portion of the
reservoir fishing demand in eastern Colorado.

The estimates of reservoir fisherman days for Nebraska were taken from a
1975 NGP study. Estimates revealed that over 50 percent of the total
fisherman days on Reclamation-operated reservoirs were in Harlan County.
Using days per surface acre for comparison of fisherman pressure, Hugh
Butler Lake Tled with 25.6 followed by Harry Strunk Lake (21), Enders
Reservoir (14.5), Harlan County Lake (11.4), and Swanson (3.5) (table 22).
The mean fisherman days per surface area for Nebraska reservoirs and lakes
in the basin in 1975 were 11.8 days per surface acre.

Estimates for at least 3 years were used to arrive at fisherman days on
Kansas reservoirs in the basin. Fisherman days ranged from 51.2 days
(1974) to 7.7 days (1979) on Keith Sebelius Lake, from 2.4 days (1974) to
4.3 days (1976) on Lovewell Reservoir, and from 7.9 days (1976) to 2.4 days
(1979) on Milford Lake. The overall mean fisherman days on Kansas
reservoirs was 4.21 days per surface acre (table 23). Fisherman-day use
declined from 51.2 days per surface acre in 1974 to only 7.7 days per
surface acre in 1979 on Keith Sebelius Lake. Relatively light fishing
pressure on Lovewell Reservoir probably reflects the negative effects of
large annual fluctuations of surface area and the associated impacts on the
fishery.

Streams

Biologists with the CDW made no projections or estimates of stream fishing
days on the Republican River or its tributaries in Colorado. Colorado does
maintain a fish stocking program on the North Fork of the Republican and
Chief Creek, a spring-fed tributary, which sustains a good trout fishery
and receives relatively heavy local fishing pressure.

Estimates of total stream miles and fishable miles for Nebraska were taken
from a 1973 basin inventory report conducted by NGP. The KFG estimated
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Table 22.--Number of fishing days and fisherman days
per surface acre in Nebraska, 1975 1/

Fisherman
Reservoirs days per
or lakes Fishing daysZ/ Surface acres surface acre
Swanson 14,900 4,3013/ 3.46
Enders 17,666 1,2223/ 14.45
Hugh Butler 36,428 1,420%/ 25.65
Harry Strunk 31,590 1,5062/ 20.97
Harlan County 131,723 11,5245/ 11.43
Rock Creek 407 50 8.14
Wellfleet 3,556 50 71.12
Hayes Center _ 1,008 40 25.20
Nebraska totals 237,278 20,113 11.79

1/ Estimated by the Nebraska Game and Parks Commission for the Republican
River Basin reservoirs and lakes in Nebraska.

£/ Nebraska trip estimates were standarized to a 4-hour fishing day.

3/ 1971-1975

4/ 1963-1980

5/ 1971-1980
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fisherman days, total stream miles, and anglable miles per stream for the
upper basin in 1972 to 1977 and the lower basin 1977 to 1979. The
estimated fishermen per week were expanded into a yearly estimate (table
24).

0f the 1,136 stream miles in the Republican River and its tributaries in
Nebraska, only 767 miles are fishable. In Kansas, 548 miles of the total
1,410 stream miles are fishable. A1l but a few miles of the fishable
rivers and streams in the basin are in private ownership. The fishing days
per fishable stream miles averaged 70.5 in Nebraska and 55.3 in Kansas. No
pounds per acre estimates were made because of the streamflow variations.

Even though the Republican River is still considered to have a good fishery
below the Superior-Courtland Diversion, the existing population is not
comparable to those of prior years (H1lgert 1982). Reduced streamflows
and increased water use demands have greatly contributed to the decline of
the Republican River stream fisheries. Additional adverse stream
conditions of channelization, dewatering, and - turbidity are also
contributing factors. A 1951 creel census by FWS showed that, prior to the
construction of Harlan County Dam, channel catfish were the mainstay of the
fishery (Hilgert, 1982). When operation of the dam began in 1952, water
turbidity in the Republican River below the dam decreased and game fish
that require clearer water, including walleye and white bass, became
established. Fishing success during the spring or high water period is
excellent but declines below the Superior-Courtland Diversion Dam in the
summer as irrigation demand increases.

During normal operations, approximately 20 ft3/s riverflow passes over the
Superior-Courtland Diversion Dam, Zero flows occasionally occur as a
result of water fluctuations caused by increased river depletions. Zero
flow conditions do not occur each year. During May 1964, a fish kill
occurred in the stretch of river below the diversion dam. After the die
off, FWS, USGS and NGP personnel conducted a study to determine what flows
were needed to prevent future fish k1l]s With the cooperation of
Reclamation, various flows from 20-50 ft3/s were evaluated, and it was
concluded that a flow of 50 ft3/s "would go far towards restoratlon and
perpetuation of the river's fish population...”" (FWS, 1966).

Hilgert (1982) studied the Republican reach between Superior-Courtland
Diversion Dam and the Nebraska-Kansas state line using the Water Surface
Profile (WSP)/Habitat Incremental Method. He found a positive, nearly
linear relationship between adult and juvenile channel catfish weighted
usable area of hab1tat (WUA) and discharge. Fry WUA peaked at flows
between 60-175 ft3/s. Spawning habitat appeared to be limited in the reach
studied but this may be because the WSP hydraulic simulation model cannot
adequately model the natural cavities channel catfish utilize for spawning.

During the 1984 1legislative session, the State of Nebraska passed
L.B. 1106, which recognizes instream flows for fish and wildlife as a
beneficial use of water. Any application for an instream flow right for
fish and wildlife must be submitted and approved by the Department of Water
Resources. Use of instream flows for fish and wildlife purposes is fairly
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low on the priority use list .and ranks behind uses such as domestic and
irrigation. These water rights also follow the seniority rule. Water for
instream flow purposes would need to be acquired by the state and protected
from other downstream appropriators by the state engineer.

Even though the Republican River continues to provide a fishery as well as
other recreational benefits in the region downstream from Harlan County
Dam, stream fishing has become a minor portion of the total fisherman-days
throughout the basin.

Wildlife Resources

Habitat

There are over 128,000 acres of public use area in the Republican River
Basin, which provides the bulk of the land and water surface used for
hunting and fishing. Of the almost 41,000 acres of the total water surface
area in the public use areas, over 99 percent is in reservoirs and over 75
percent of the upland acres are around the reservoirs built by the Corps of
Engineers or Reclamation. The nine Colorado public use areas (over 16,000
acres) contain over 14,000 acres of upland habitat and about 2,000 acres of
water surface. Nebraska has 30 areas in the basin containing about 65,500
acres of public use area which consists of over 43,000 acres of upland
habitat, 3,500 acres of wetland habitat, and nearly 19,000 acres of water
surface. Kansas has six areas in the basin containing 46,500 acres,
consisting of over 25,000 acres of upland habitat, 1,250 acres of wetland
habitat, and nearly 20,000 acres of water surface.

The difficulty in gaining access to the rivers and streams in private
ownership, for fishing or the adjacent riparian habitat for both small and
big game hunting, has magnified the importance of the public areas in the
basin. Native grasses, riparian habitat, food plots, and agricultural
leases all managed by state agencies adjacent to the water surface areas
have been very beneficial in providing habitat essential to increased
numbers of various wildlife species.

Wildlife

The public use areas provide most of the land and water surface for
hunting, fishing, and other nonconsumptive use activities in the basin.
Habitat associated with public use areas provides food and protection for
numerous species of fish and wildlife. Ring-necked pheasant, mourning
doves, bobwhite quail, cottontail rabbits, and fox squirrels are the major
species pursued by small game hunters throughout the basin. Numerous
species of migratory waterfowl also provide hunting opportunities. Big
game species represented by wild turkeys, antelope, and white-tailed and
mule deer provide public hunting by various means during open seasons (wild
turkeys are considered small game in Kansas).
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Participation level estimates for hunting activities were gathered from
COW, KGF, FWS Reservoir Analysis, annual records maintained by Reclamation
and the Corps of Engineers, and the 1980 National Hunting and Fishing
Survey. The three states used the card mail survey method to collect
hunting and harvest estimates for small game, waterfowl, and mourning
doves. These cards were mailed after the seasons ended to a percentage of
resident and nonresident hunters randomly selected by license type. The
questionnaires were tabulated and the information expanded to provide
estimates of hunter numbers, bags, and hunter days statewide. These
estimates were the basis for annual small game hunter and harvest reports
by each of the states in the basin.

The basin contains good populations of ring-necked pheasant and bobwhite
quail. They were considered the small game in the basin. Harvest of these
species is a good indicator of population levels. Table 25 indicates the
greatest number of hunters per square mile in Kansas followed by Nebraska
and Colorado. Environmental factors, such as weather and yearly habitat
conditions, influence increases and decreases of small game populations and
their corresponding hunting uses.

Reclamation and Corps of Engineers reservoirs provide the majority of
waterfowl hunting opportunities. Some waterfowl are hunted on the river
and marshes on state and Federal wetland areas. (Canada geese and mallards
are the two species most sought after in the basin. Nebraska and Colorado
had relatively the same number of waterfowl hunters with Kansas having
fewer participants (table 26). Waterfowl information was available for
Kansas from 1971 through 1977 and for Nebraska from 1974. Waterfowl hunter
days tended to remain fairly high, particularly in Colorado, even when
harvest figures declined. During the period 1971-1975, there was a 73
percent decrease in waterfowl use of reservoirs in the Nebraska portion.
This reduction partially resulted from reduced surface areas of the
Nebraska reservoirs and waterfowl being attracted to other Kansas river
basins and marsh areas (FWS, August 1983).

Mourning doves are migratory birds which rank as one of the top game birds
in the Republican River Basin. Dove hunting appeals to many hunters
because of their numbers and relative ease with which they can be located.
Doves are hunted during the fall and offer a challenge because of their
size and speed. Dove hunting occurred in Colorado and Kansas for several
years prior to the introduction of a season in Nebraska in 1975. Kansas
hunters annually average a larger dove harvest than Nebraska followed by
Colorado. Trends relating to hunter numbers and success ratio vary
according to. the annual dove reproduction and the weather patterns
affecting their migration (FWS, August 1983).

Turkeys have been hunted in the Nebraska portion of the basin for several
years and the number of turkey hunters, hunter days, and harvest generally
reflect the population levels. Annual harvests have increased from 5 in
1972 to 43 in 1981. The State of Kansas opened two areas along the
Republican River to turkey hunting in 1983 reflecting the thriving turkey
population in the lower river basin.
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Antelope are hunted in Colorado and Nebraska with very little antelope
hunting in Kansas. Larger populations of antelope are present in Colorado
than in Nebraska where hunting occurs only in Dundy and Chase Counties.
The number of hunters and the harvest generally reflect the relative
populations in the respective states. Colorado hunters harvested 162
antelope in 1972 and 491 in 1981. Nebraska started their antelope season
and harvested 9 in 1974; 10 were harvested in 1980.

Deer are hunted by archers in all basin states; however, few records were
maintained by Nebraska and Colorado prior to 1972. A general trend of
increases of hunters and harvest indicates an increase in deer populations
in the river basin in the past 10 years. Probably the major reason the
deer harvest has increased 1in greater proportions in Kansas than in
Colorado, is the mixture of croplands and riparian timber which supports
higher deer populations and the higher populations of white-tailed deer
whose habits make them more susceptable to harvest by archers than the mule
deer in the grassland areas in Colorado.

Firearm deer hunting is the most popular big game hunting activity in the
basin. Records indicate Nebraska had the 1largest number of firearm
hunters, hunter days, and harvest followed by Kansas and Colorado in
decreasing order (FWS, August 1983). A decrease in permits issued in 1971
through 1973 resulted in a decline in hunter days and harvest, but the
remainder of the years indicated a general increase. The general increase
in numbers of permits issued indicates an increase in deer population
levels. In Kansas, the trend has been a moderate annual increase in the
number of hunters, hunter days, and harvest. C(olorado records reflect a
more erratic increase/decrease when comparing the deer hunter days and the
harvest. The general trend of hunter numbers, hunter days, and harvest was
upward.

Deer populations in the basin are good to excellent and are increasing.
Populations are being managed through issuance of either sex permits to
insure against overpopulation. The basin deer population can be expected
to increase and provide good hunting in future years.

The numerous nongame species found throughout the Republican River Basin
provide recreational activities for an increasing number of people.
Photography, feeding, and general viewing of waterfowl and other species
has become increasingly popular.

Threatened and Endangered Species

No threatened or endangered plant species are listed or proposed for
listing by the Department of the Interior in the Republican River Basin.
Colorado 1ists the Plains orangethroat darter (Etheostoma spectabile
pulchellum), found in the eastern segments of the Arikaree River and the
North and South Forks of the Republican, as a threatened fish. A shiner
listed on the Kansas threatened species list, the Topeka shiner (Notropis
Topeka), was collacted from Cherry Creek in the upper Republican River
Basin in 1947,
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Wildlife species, which have historically occurred in the basin, currently
on the endangered species 1list include the peregrine falcon, whooping
crane, Eskimo curlew, bald eagle, and the black-footed ferret. Peregrine
falcons are known to infrequently migrate through the basin and are
normally found in association with shorebird and waterfowl concentrations.
Whooping cranes have been sighted on their migration through the area.
Bald eagles occur as transient and winter residents of the area where they
feed on fish in the streams and reservoirs. Seven Reclamation aerial
surveys conducted in 1978 through 1980 revealed an average count of 28 bald
eagles on Swanson Lake during the winter of 1979-1980. Bald eagles were
observed on all Reclamation reservoirs in the basin.

Kansas lists the prairie falcon and the least tern as threatened. The
prairie falcon was formerly more common in Kansas and the least tern is
represented by only a small summer population which nest on sandbars and
exposed salt flats along western Kansas rivers. The Eskimo curlew is
possibly extinct; however, there have been several reported sightings
between 1932 and 1976 on the Texas and Atlantic Coasts (National Audubon
Society, September 1981). The last black-footed ferret documented sighting
in Kansas was in 1957 and at present there are none known to be in the
basin.
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CHAPTER IV--FUTURE CONDITIONS AND OPPORTUNITIES
FUTURE WATER CONDITIONS

Ground-Water Supply

The future ground-water supply was projected for the period 1979 to
year 2020 under two conditions of well development; no additional well
development in the basin after 1978 and continued well development in
Nebraska only.

Under the condition of no additional well development, well pumpage was
held to the May 1, 1978 level. Streamflow depletions by these wells were
calculated to the year 2020 using the Glover method. Annual ground-water
budgets were constructed to show the projected volume of ground water in
storage. A summary of those budgets by subbasin is shown in table 27. The
budget projections show that sufficient ground water 1in storage is
available (assuming 75 percent of the predevelopment storage volume is
usable) for well pumpage at the 1978 level to the year 2020. Base flows in
the Arikaree, Blackwood, and Beaver and Sappa Creek subbasins are estimated
to decline to zero in the years 2006, 1999, and 1979, respectively.
Geological Survey water supply papers for 1979, 1980, and 1981 indicate
that at the gage on Sappa Creek near Stamford, Nebraska, winter base flow
in the Beaver and Sappa Creek subbasin is essentially zero.

The condition of additional well development was simulated by increasing
well development in Nebraska and holding well development at the 1978
levels for Colorado and Kansas. A report entitled the Six-State High
Plains Ogallala Aquifer Regional Resources Study (Camp Dresser and McKee
Inc., et al., 1982, page 5-4) predicted that from 1977 to year 2020, water
usage in Colorado and Kansas will decline 43 and 75 percent, respectively,
while usage in Nebraska will increase 89 percent. However, a draft report
from the Kansas Water Office entitled Kansas Water Supply and Demand
Estimates, Background Paper No. 15 (August 1984) states that for Kansas, a
more reasonable scenario would be that projected demands will remain
constant at the 1980 level. This situation is also more probable for
Colorado rather than a significant decline in water usage. Water usage in
Nebraska, however, will probably continue to increase since they have much
more available ground water in storage than either Colorado or Kansas.

The increase in water use for Nebraska was simulated using estimates of
ground water irrigated acreage for the year 2020 calculated for each county
by the Nebraska Natural Resources Commission (1982, pages 23-26). Table 28
shows the annual increase of ground-water development per subbasin used to
project the future ground-water supply under the condition of additional
well development. Streamflow depletions for the additional wells were
calculated by the Glover method and budgets were constructed to show annual
ground-water storage volumes to year 2020. A summary of the results of
those budgets is shown in table 29. Again, none of the subbasins exceeded
the usable volume of ground water in storage although only the South and
North Fork Republican and the Republican from Harlan County Dam to the
Nebraska-Kansas State line subbasins are projected to have any base flow
remaining in them by the year 2020.
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Table 28.--Projected annual increase of ground-water

development per subbasin

Net pumpage

Subbasin (acre-ft) Irrigated acres

South Fork Republican 86 75
Arikaree 86 75
North Fork Republican 2,920 2,561
Frenchman 14,028 12,306
Blackwood 1,798 1,578
Red Willow 3,771 3,306
Medicine Creek above

Medicine Creek Dam - 4,054 3,526
Driftwood 562 493
Beaver and Sappa 2,064 1,795
Prairie Dog 290 252

| Main Stem Republican above

Harlan County Dam 12,589 10,947
Republican below Harlan County

Dam to Nebraska-Kansas State

Line 6,119 5,665
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Surface Water Supply

The future water supply available for irrigation was estimated through the
use of a surface water operations study. Reclamation has developed a
sizing criteria for irrigation districts by relating irrigation shortages
to safe reservoir yield. The criteria states that the irrigation shortage
cannot be larger than 50 percent of the irrigation demand in any 1 year;
the accumulated shortage cannot exceed 75 percent in any 2 consecutive
years, or 100 percent in any 10 consecutive years. Table 30 shows the
acreages that can be irrigated under five levels of development. These
levels of development vary by the amount of soil and water conservation
practices and ground-water pumping assumed in the basin. The five levels
are:

1. Historic

2. Present (1978)

3. Future 1: includes additional soil and water conservation practices
but no additional ground-water pumping

4, Future 2: includes additional soil and water conservation practices
and ground-water pumping

5. Environmental

The historic Tevel of development uses the levels of conservation practices
and ground-water pumping which are consistent with how they occurred
throughout the 1949-1978 study period. The present condition assumes 1978
levels of conservation practices and ground-water pumping throughout the
study period. Both of the future options are based on estimates of
increased soil and water conservation practices. Based on future rates of
development, it is estimated that conservation practice depletions will be
15 percent larger in year 2008 than what currently exists. This implies
that 273,900 and 111,900 acre-feet of depletions would occur annually in
the upper and lower basins, respectively. Table 31 shows the depletions on
an average annual basis for each of the subbasins in the Republican River
Basin for the 2008 1level -of development superimposed over the 1949-1978
period of record. Table 32 presents the depletions as they would have
occurred if soil and water conservation practices existed at the 2008
level.

For the future 1 condition, ground-water pumping is held at the 1978 level;
however, the depletions continue to increase beyond present conditions due
to lag effects. For the future 2 condition, ground-water pumping was
increased to year 2008 levels in Nebraska and held constant in Kansas and
Colorado.

The environmental option attempts to maintain the average annual reservoir
surface as an ideal situation. Bonny Reservoir, Keith Sebelius Lake, and
Lovewell Reservoir should not fluctuate more than 30 percent of their
average annual surface areas and Enders Reservoir and Swanson, Hugh Butler,
and Harry Strunk Lakes should not fluctuate more than 55 percent of their
surface areas. Figure 11 shows historic streamflows at the historic,
present, and future levels of development.
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Table 31.--Average annual conservation practice depletions
1949-1978 period of record

Future level of

development
year 2008
Basin and subbasin (acre-ft)
Upper Republican
Frenchman Creek 39,000
North Fork Republican 6,700
Arikaree 6,100
South Fork.Republican 13,500
Blackwood Creek 3,500
Red Willow Creek 8,500
Driftwood Creek 8,100
Beaver and Sappa Creeks 87,900
Prairie Dog Creek 23,500
Medicine Creek 14,000
Main Stem Republican River 63,100
Lower Republican
Buffalo Creek 21,200
Lower Republican River - Nebraska 25,600
Lower Republican River - Kansas 43,800
White Rock Creek 21,300
Total depletion 385,800

83



Table 32.--Total Republican River Basin conservation
practice depletions by year

Future level of development

year 2008
Year - : (1,000 acre-ft)
1949 477
1950 344
1951 735
1952 133
1953 277
1954 ‘ 95
1955 141
1956 69
1957 543
1958 350
1959 269
1960 333
1961 415
1962 634
1963 315
1964 253
1965 : 959
1966 202
1967 490
1968 319
1969 468
1970 227
1971 557
1972 443
1973 736
1974 215
1975 528
1976 168
1977 651
1978 225
Total depletion 11,571
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Figure 11 - Estimated Historic, Present,
and Future Streamflows
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SENSITIVITY ANALYSIS

Reducing Depletions

In order to evaluate the impacts of the depletionary effects associated
with ground-water pumping and soil and water conservation practices on the
sizing of the irrigation districts, a sensitivity analysis has been
performed. Arbitrarily the total of the ground water and conservation
practice depletions have been reduced by 50 percent throughout the
historic, present, future, and environmental levels of development. The
resized irrigation acreages presented in table 33 show minor differences
when looking at the basin as a whole. However, several of the irrigation
districts, particularly in the upper basin, show significant increases in
capability with the reduced depletions.

Realistically, it should be noted that over an entire study period reducing
the deplietions will generate larger quantities of water throughout the
basin. However, the critical water use period for sizing the irrigation
districts occurs during the 1950's drought. This is when depletions to the
water supply are 1less critical, because precipitation and runoff are
already low.

Irrigation District Capability

The irrigation acreages previously presented are based on Reclamation
design standards that indicate the potential service area that can be
assured a full water supply within the shortage criteria. With an existing
reservoir and irrigation district such as the districts in the Republican
River Basin, the sized irrigation acreages may be overly conservative.

Consequently, for each level of development, the number of nonshortage
years have been determined for acreages between the sized acreage and the
1969-1978 average service acreage. This information shows how much
additional acreage each of the irrigation ditches can service without
developing shortages outside of the drought periods. Tables 34 through 38
show for each level of development how many years a full water supply may
be expected at the average service area, one-third and two-thirds the
acreage between the historic average and the sized acreages.

At the historic level of development (table 34), all of the ditches in the
Republican River Basin, with the exception of the Almena Canal, can support
nearly as much irrigation at the historic acreage as at the sized acreages.

At the present level of development (table 35), canals in the upper basin
have a fairly dependable water supply until shortages for the 1969-1978
average acreages are examined. At this level, shortages appear nearly half
of the time (15 out of 30 years). In the lower basin, the sizing criteria
cannot be met at any sized acreage. However, at one-third and two-thirds
of the average service area, full water supply is available 80 to
90 percent of the time. At the historic average acreage, shortages appear
nearly half of the time as is the case in the upper basin.
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ALTERNATIVE MANAGEMENT ACTIONS

Structural

The structural measures presented would conserve or use existing and future
water supplies more efficiently. Changes in Nebraska's water laws now
allow interbasin transfers and provide the potential to transfer out-of-
basin water to the upper Republican River Basin. "It 'has been determined
not to make a financial analysis based on potential water savings and
ability to pay. Feasibility of any structural measures would be contingent
upon additional analyses.

Canal Lining

Two alternatives were analyzed to reduce seepage rates: (1) full prism
membrane lining and (2) bottom membrane Tlining. Only canals with
capacities above 30 ft°9/s were analyzed for these alternatives. A
reduction in the seepage rate to 100 percent was used for full prism
membrane lining and 50 percent for bottom membrane 1lining. The cost
estimates are based on subappraisal level investigations using January 1983
price indexes. The total construction cost includes 25 percent
contingencies and 35 percent indirects. Tables 39 through 41 summarize
canal data.

Pipe Laterals

PVC (polyvinyl chloride) pipe was the only material analyzed to replace
open ditch laterals. Since available head was a primary consideration in
determining which reaches of laterals could be replaced, concrete pipe was
not analyzed due to its higher friction loss coefficient. The existing
lateral alinements were used in all analyses. Lateral capacity for the
Bostwick Irrigation District in Nebraska system was calculated using an
application rate of R=0.30. The "R" factor is the irrigation application
during the maximum 10-day period and is measured in feet per 10-day period.
The R=0.30 design curve was developed by the Lower Missouri Region for
gravity irrigated acreages. Lateral capacity for the Kansas-Bostwick
Irrigation District system was based on existing ditch capacity and is
somewhat higher than required. A reduction in the seepage rate of
100 percent for PVC pipe was used.

Cost estimates are based on subappraisal investigations using January 1983
price indexes with 25 percent contingencies and 15 percent indirects. The
lateral system in the Frenchman-Cambridge Irrigation District was not
studied since approximately 85 percent is presently being converted to PVC
pipe under a rehabilitation and betterment program.

Canal Automation

The automation of the first 33.5 miles of the Courtland Canal from the
Superior-Courtland Diversion Dam to Lovewell Reservoir would permit a
portion of the dypass flows at the diversion dam to be diverted into the
canal and stored in Lovewell Reservoir for subsequent release and use by
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Table 39.--Summary of alternativea
Kansas-Bostwick Irrigation District

Canal Lateral
Total Water Total Water
Name of canal Type of Length cost cost savings
and latersl lining (miles) (ft { ($1,000) (acre-fn’;r) (niles) ($1,000) (acre-ft/yr)
Courtland (from state- FPM 18.7 685 $11,%00 5,670 - $ -- -
line to Lovewell BM 18.7 685 3,500 2,830 - - -
Reservoir) P -— - - - 14.2 1,850 950
NC - - - - 8.0 - -
Pump #1 FPM - - - - -~ -— —
BM -- - - - - - -
P 2.0 18-9 260 130 4.5 590 300
NC 3.4 36-18 - - 0.2 - -
Pump #1 South FPM - - - - - - -
BM - - - - - - -
P - - - - - - -
NC 1.5 15-9 - - - - -—
North FPM 2.3 50-42 470 160 - - -
BM 2.3 50-42 120 L 1] - - -
P 1.4 15-9 180 0 2.9 380 200
NC 0.9 30-15 - - 1.4 - —
Ridge FPM 3.8 90-36 850 320 - - -
BM 3.8 90-36 220 160 - - -
P 2.0 30-9 260 130 5.9 770 400
NC - - - - 3.2 - -
Courtland (from Lovewell
Reservoir to end) FPM 20.9 635-50 9,000 5,700 - - -
BM 20.9 635-50 2,650 2,850 - - -
P 1.1 15-9 145 60 19.1 2,500 970
NC 0.3 15 - - 12.9 - -
Courtland West FPM 9.9 200-45 4,650 1,660 - - -
BM 9.9 200-45 810 a30 - - -
P - - - - 17.4 2,300 890
NC - - - - 16.2 - -
Miller FPM 8.2 190-30 1,900 850 - - -
BM 8.2 190-30 500 420 - - -
P - - - - 6.0 790 300
NC - - - - 8.0 - -
White Rock F PM 9.7 100-36 2,150 1,000 -— - -
BM 9.7 100-36 550 500 - - -
P 2.1 18-9 275 100 4.4 570 220
NC 1.0 24 - - 4.2 - -
Total for Irrigation
District FPM 73.5 30,920 15,360 - - -
BM 73.5 8,350 7,670 - - -
P 8.6 1,120 510 74.4 9,750 4,230
NC 7.1 - - 54.1 - —~

FPM - full prism membrane lining
BM - Bottom membrane lining

P - PVC pipe
NC - No change
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project irrigators. This would provide an estimated 6,200 acre-feet of
additional water for district use of which approximately 4,800 acre-feet
would be available at Harlan County Lake and 1,400 acre-feet at Lovewell
Reservoir. A reduction in the amount of personnel needed to operate the
33.5-mile reach of the canal would be offset by the additional training and
number of personnel needed to maintain the new automated system.

The estimated total cost of automation for the first 33.5 miles of the
Courtland Canal is $3,350,000 based on January 1983 price indexes.

Canal automation would not modify the historic low flows in the river and
it does not appear that this modification would produce any adverse
environmental impacts on the downstream segment of the Republican River.

Transbasin Diversions

Due to extensive ground-water development above Enders Reservoir, the total
water supply available to irrigators in the Frenchman Unit has been
continually declining since the late 1960's and early 1970's. The
Geological Survey has projected that even without further ground-water
development, perennial flows in Frenchman Creek above Enders Reservoir are
expected to be reduced to zero by 1991. Studies have been conducted and
water right applications have been made to divert water from the Platte
River Basin to the Republican River Basin.

The transfer of water from one hydrologic basin to another is a fairly
common practice throughout the United States. Water supplies for municipal
and industrial or irrigation uses are often obtained from remote
watersheds. OQut-of-basin transfers were, from the first days of settlement
of the West, recognized as a proper use of water under the western
appropriation system. In recent years as state and Federal Governments
have planned and built larger projects, they have, for the most part,
accepted this principle and have not hesitated to plan for the transfer of
water from one watershed to another.

Nebraska's basin of origin protection statutes were passed as early as
1889. These statutes had once prohibited all out-of-basin water transfers,
then later allowed some transfer from certain size streams and still later
permitted certain transfers if the return flows were within the greater
basin of the Missouri River (which includes all of Nebraska as well as much
of the surrounding states). 1In 1980, a Nebraska Supreme Court decision
reversed an earlier (1936) decision which held that interbasin water
transfers were illegal.

In April 1980, the Bureau of Reclamation was requested to provide an
assessment regarding the potential to divert water from the South Platte
River to Frenchman Creek in the Republican River Basin. The Corps of
Engineers studied a plan to divert water from the Missouri River at Fort
Randall, South Dakota to Bonny Reservoir in the Republican River Basin of
Colorado. Transbasin projects provide opportunities for additional water
supplies within the basin; but, not without additional cost and potential
effects in the basin of origin.
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Analysis of Structural Alternatives

The structural measures described, if constructed, would provide more
efficient use of water supplies to project beneficiaries; however, the
features are generally not economically justified. There also may be major
institutional and political problems connected with their implementation.

There may be certain specific measures which are relatively low cost and
would yield substantial benefits -that local and regional sponsors could
pursue, if desired.

Nonstructural

Moratorium on Well Development

Due to the advent of efficient center-pivot sprinklers, well development in
the basin dramatically increased in the 1960's. Land in the river valleys,
which was previously economically infeasible to level and surface irrigate,
has been brought into production with a well irrigation system.

Each state 1is responsible for administration of water rights and
controlling the rate of ground-water development through either ground-
water management or control of future well development. Individual state
water law dictates the system for establishing and prioritizing water
rights for surface and ground water in each of the basin states. A user
must apply for a water right to divert and use water within the state.

Controlling future well development in the basin could provide relief from
the worst condition (future with continued conservation practices and
ground-water development) being realized.

The State of Kansas and Groundwater Management District No. 4 established a
moratorium on well development in alluvial deposits for Beaver and Prairie
Dog Creeks, as of June 27, 1984.

Weather Modification

A major field program to develop and evaluate the use of seeding techniques
for the enhancement of precipitation in the High Plains area of Kansas,
Colorado, and Nebraska was conducted by the Bureau of Reclamation from 1976
to 1980. The summary of results of this study is included in the final
report of the Hiplex Program in Colby-Goodland, Kansas: 1976-1980. The
results of the program indicate that by using weather modification
techniques an increase of 1less than 4 percent in rainfall could be
realized. The cloud seeding program was primarily conducted from June
through September on convective-type storms. It can be concluded from this
study that seeding methods could not significantly enhance precipitation in
the Republican River Basin.
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Management of Riparian Vegetation

Water, which is being consumptively used by existing riparian vegetation in
the basin, could be available for other uses and would contribute to the
economic and/or environmental development of the basin.

Existing woody riparian vegetation could be cleared and the water conserved
could be used for alternatives which would improve the economic and
environmental condition of the basin. Estimates of water savings for the
various types of riparian vegetation would be needed to make estimates of
potential water savings in the basin. These studies have not been made.
Examples would include maintaining instream flows, wetlands, ground-water
recharge, stabilize reservoir levels, and irrigation.

Riprarian vegetation is recognized as an important habitat for many
wildlife species. Therefore, any management plan for riparian vegetation
should be thoroughly analyzed for potential environmental impacts.

Since the land on which the riparian vegetation exists is owned privately,
riparian management plans which would contribute to the landowners economic
well-being would be best received.

Other groups which would use conserved water could purchase riparian lands
and/or easements or negotiate zoning to restrict riparian land use.

There are a variety of methods using combinations of mechanical and/or
chemical means to clear and control the woody vegetation and prevent future
encroachment.

Onfarm Alternatives

Water Management and Conservation Program

The WMC (Water Management and Conservation) Program seeks to provide better
management and more efficient use of water, energy, and other resources on
operating irrigation projects. The WMC Program was developed by
Reclamation as a means to promote improvements in project and onfarm water
systems and management practices.

The principal activities of the WMC Program include:

1. Determination of irrigation requirements.

2. Field and farm irrigation scheduling demonstrations.

3. District management
a. Water delivery policies and standards

b. Ditchrider rules and regulations
c. Improved water management technology
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4, Distribution system operation

. Water measurement capabilities

Operating practices and procedures

System scheduling procedures

Technical reviews )

Planning for system improvements and/or optimization of operations
. Upgrading of data processing capabilities

g. Technical assistance to identify and reduce system losses

-0 a0 O
« * o @

An analysis was conducted to determine the potential for establishing a WMC
Program for the Bostwick, Frenchman-Cambridge, and Kanaska Divisions in the
states of Kansas and Nebraska. Two programs were analyzed to manage a
total of 122,809 acres (based on 1980 irrigated acreage). A 3-year WMC
Program provided for an intensive and concerted effort to realize the
anticipated benefits of such a program as rapidly as possible. A Tlower
cost alternative would be a continuous program which would require fewer
personnel. Benefits of this program, however, would be realized at a
slower rate.

The estimated annual cost of implementing the 3-year program based on
January 1983 price indexes would total $170,000 or $1.38/acre. The annual
cost of the continuous program would be $49,000 or $0.40/acre. It is
anticipated that increased productivity from the program will generate
revenues sufficient to pay for the program.

The anticipated benefits of a WMC Program instituted in the Republican
River Basin include the following:

1. Effective and efficient utilization of the available water resources.
2. Continued productivity of irrigated croplands.

3. Minimized requirements for structural improvements and capital
investments.

4, Improved public cooperation and support.

Altered Cropping Patterns

The water requirements for crops grown in the Republican River Basin are an
integral part of the hydrologic modeling of historic, present, and future
conditions. The farm delivery requirements for the area range from 1.76 to
2.07 acre-feet per acre, with irrigation efficiency ranging from 55 to
61 percent. The average crop irrigation requirement is based on the
cropping pattern for each of the three areas in the basin. The
distribution of crops for each area shown below represents a 15-year
average (1962-1976). The Frenchman Valley Irrigation District is included
in area I. Area Il includes ' Frenchman-Cambridge, H&RW, and Almena
Irrigation Districts. Area IIl encompasses the Bostwick Division, which
consists of the Bostwick Irrigation District 1in Nebraska and the
Kansas-Bostwick Irrigation District.
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Crop distribution

Area 1 Area II Area 111

Crop (percent) (percent) (percent)
Corn, grain 78 80 88
Corn, silage 3 5 6
Grain sorghum 2 9 3
Alfalfa 12 6 3
Winter wheat 3 0 0
Pasture 2 0 0
Total 100 100 100

The altered cropping pattern for this alternative was considered in order
to reduce water use to 75 percent of the current or average district farm
delivery requirement per acre as depicted in the following tabulation.

Farm delivery requirement
(acre-feet per acre)

Area Historic crop pattern Altered crop pattern
I 2.07 1.55
II 1.98 1.49

IT1 1.76 1.32

Adopting a cropping pattern that would satisfy this goal would result in a
greater number of acres being served in each district for a given reservoir
yield over current cropping practices. The goal would increase acreage
served by 33 percent over the last several years.

The alternative cropping pattern selection to lower water use per acre
considered the following crop choices.

Farm delivery requirement

Crop (acre-feet per acre)
Corn , 2.00
Grain sorghum 1.67
Soybeans 1.50
Grain sorghum-limited irrigation 1.00
Winter wheat 1.00

The crops that can be produced in the area do not present any significant
adoption of new crops or changes in equipment. Soybeans have been grown in
the districts recently.

The following crop distributions meet the water use goal previously
established.
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Cropping patterns

Crop Area 1 and Area II Area 111
(percent) (percent)
Corn 34 25
Soybeans .33 . 20
Grain sorghum-
limited irrigation 33 55
Winter wheat -- -
Total 100 T00

These crop distributions were developed to reduce the irrigation
requirement per acre. Two other considerations are: (1) corn is an
established crop and may be difficult to displace, and (2) more crops grown
provide diversification for the individual farmer, but may not maximize
returns. Winter wheat may be substituted on an equal basis with limited
irrigated grain sorghum without altering the farm delivery requirement.

Analysis of Nonstructural and Onfarm Alternatives

The paradox of these measures is that the successful operation of one
development may adversely impact a downstream user. It is impossible to
analyze each measure independent of all the other basin conditions. In the
most cursory evaluation, water conserved and used at the site would be the
most cost effective.
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CHAPTER V--ECONOMIC AND SOCIAL STATUS

The manmade and natural changes in the Republican River Basin over the past
few decades have been dramatic. This report has presented the complex
cause and effect relationship of many social, economic, and natural
conditions. This chapter arrays the historic and present baseline
conditions with different factors to highlight the resulting impacts and
effects.

The acreage irrigated, value of crop production, and net income for
historic and present conditions of the irrigation districts in the basin
are presented in table 42. Net income provides an indication of the
economic viability of the district lands and allows comparisons to be made
between various management scenarios. However, this analysis is not an
indepth estimation of either National Economic Development benefits or
payment capacity valuation. Total irrigable acres available for service
are presented to show the impact of conservation practices and ground-water
development on areas originally planned for service.

Historically, the productivity of irrigated district 1lands 1in the
Republican River Basin have contributed to the economic and social well-
being of the area. Communities throughout the basin depend on the
agricultural sector for their economic base and stability. The
productivity of the district lands contribute to individual operator's
standard of living as well as supporting employment opportunities on and
off the farm,

During the last 2 decades declining streamflow conditions and subsequent
reservoir yields have resulted in fewer acres irrigated in the districts by
surface water. Present (1978) conditions show 60 percent of the irrigable
service area irrigated in the basin.

The area of most economic concern in the basin is Almena, Frenchman Valley,
and H&RW Irrigation Districts. In the Almena Irrigation District, 40
percent of the serviceable area 1is presently being irrigated. The
Frenchman Valley and H8RW Irrigation Districts were combined in this
analysis. Only 25 percent of their original service area is irrigated at
this time. These decreases in acreage diminish the income producing
ability of the districts and the resulting contribution to the basin's
socioeconomic stability. Areas outside of the district boundaries, through
ground-water and conservation development, have taken up the economic slack
and most communities have not experienced the districts' decreased economic
activity.

The Frenchman-Cambridge Irrigation District appears to be better off than
other districts under 1978 conditions, as 75 percent of its service area is
irrigated. The Bostwick Division in the 1lower portion of the basin
irrigates between 55 and 65 percent of its serviceable area under 1978
assumptions.

Many farm operators are feeling the financiai effects of water shortages
and are already taking steps to alleviate the situation through
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Table 42.--Economic status of historic and present

conditions by irrigation district

Present 1978

Irrigation district Historic conditions
Almena (5,763 acres)l/
Irrigated acres?/ 3,600 3,500
Nonirrigated acres 2,163 2,263
Crop value $ 1,365,000 $ 1,341,000
Net income3/ $ 613,000 604,000
Frenchman Valley - HERW (19,095 acres)l/
Irrigated acres?/ 16,800 5,100
Nonirrigated acres 2,295 13,995
Crop value $ 5,704,000 2,848,000
Net income3/ $ 2,448,000 1,081,000
Frenchman-Cambridge (45,000 acres)l/
Irrigated acresZ/ 39,100 33,700
Nonirrigated acres 5,900 11,300
Crop value $13,394,000 $12,109,000

Net income3/
Bostwick in Nebraska

Irrigated acresZ/
Nonirrigated acres
Crop value

Net incomes

Kansas-Bostwick

Irrigated acres2/
Nonirrigated acres
Crop value

Net income3/

Total

Irrigated acres2/
Nonirrigated acres
Crop value

Net income3

$ 5,850,000
(22,787 acres)l/

18,300
4,487
$ 8,186,000
$ 3,556,000

(40,100 acres)l/

27,200
12,900
$10, 329,000
$ 4,576,000

(132,745 acres)l/

105,000
27,745
$38,978,000
$17,043,000

$
$

$ 5,305,000

14,700
8,087

$ 7,145,000
$ 3,150,000

22,700
17,400
9,258,000
4,169,000

79,700
53,045

$32,701,000
$14,309,000

™| =$
~

7 Total irrigabTe area for service.
Irrigated acres represent a 30-year average annual acreage served.
There could be years of zero acreage served included in these averages.

These acreages do not necessarily meet Bureau of Reclamation design

shortage criteria.

3/ Net income computed from crop enterprise budgets as returns less

variable expenses for district cropping patterns.

These values indicate

the economic productivity of the district lands, but are not benefit
estimates or payment capacity values.
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jnstallation of pipe laterals, improving onfarm efficiency, and adopting
cropping patterns. '

FUTURE

Economic and Social Impacts

The future alternatives range from an optimistic condition where
conservation practices and ground-water development remain steady at 1978
conditions to the worst condition (Future 2), which represents continued
development of both soil and water conservation practices and ground-water
pumping. The optimistic condition seems to be the most probable future.
Current factors affecting development could change in the future. The
economic and social impacts of alternatives are displayed in tables 43 and
44, respectively.

Continuation of Present Conditions

During the last few years a marked slowdown in development has occurred in
the basin indicating development may be steadying. Under this future, the
major socioeconomic impacts are the same as present conditions.

The hest economic condition in the hasin would occur if development does
not continue to increase (present conditions) past 1978 levels if sume
cropping pattern adjustments are made. Almost 80 percent of the service
area could then be irrigated as indicated in table 43 (present with
cropping pattern). The value of crop production and net income would be
lower than in the past (historic conditions), but this represents a
considerably better situation than other alternative outlooks.

Future 1
This alternative assumes no further ground-water development but continued
soil and water conservation practice development. Approximately 46 percent
fewer acres in the districts would be irrigated with a full water supply
compared to present conditions and net income would be reduced 25 percent.
The tax base would be reduced, which would have ripple effects on
significant social institutions such as schools. Economic stability in the
basin would decline. Local communities would feel the effects through
employment declines and general business activity. Individual farm
operators would be financially burdened and land values would decline.

Future 2

This alternative assumes a continuation of both ground-water and
conservation development. This is the worst condition.

Economic hardship to the irrigation districts could occur if the worst
condition is realized. Only 21 percent of the serviceable acreage would be
irrigated in this alternative. This alternative would have almost
65 percent fewer acres irrigated and a 35 percent reduction in net income
from a future with continued present conditions. Effects on the tax base,
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Table 43.--Economic impacts of future alternatives by
irrigation district, Republican River Basin

Present with Present with

croppi environmenta
Irrigation district Ptesentl/ patter:g/ coneiderationi/ Future 1 &/ Future 2 2/
Almena (5,763 acres)&/
Irrigated acresl/ 3,500 4,650 1,100 2,900 2,900
Nonirrigated acres 2,263 1,113 4,663 2,863 2,863
Crop value $ 1,341,000 $ 1,371,000 $ 753,000 $ 1,194,000 $ 1,194,000
Net income®/ $ 604,000 $ 676,000 $ 375,000 $ 547,000 $ 547,000
F renchman Valley - H&RW (19,095 acres)éf
Irrigated acres?/ 5,100 6,780 5,000 0 0
Nonirrigated acres 13,295 12,315 14,095 19,995 19,995
Crop value8 $ 2,848,000 $ 2,897,000 $ 2,823,000 $ 1,603,000 $ 1,603,000
Net income®/ $ 1,081,000 $ 1,223,000 $ 1,069,000 $ 484,000 $ 484,000
F renchman-Cambridge (45,000 acres)8/
Irrigated acresl/ 33,700 44,820 31,900 17,900 10,200
Nonirrigated acres 11,300 180 13,100 27,100 34,800
Crop valuey , $12,109,000 $12,328,000 $11,681,000 $ 8,350,000 $ 6,519,000
Net income~ $ 5,350,000 $ 6,023,000 $ 5,183,000 $ 3,886,000 $ 3,172,000
Bostwick in Nebraska (22,787 acrea)éf
Irrigated acresl/ 14,700 19,550 14,600 8,000 4,900
Nonirrigated acres 8,087 3,257 8,187 14,787 17,887
Crop value $ 7,145,000 $ 5,382,000 $ 7,117,000 $ 5,210,000 $ 4,314,000
Net income®/ $ 3,150,000 $ 2,556,000 $ 3,139,000 $ 2,395,000 $ 2,045,000
Kansas-Bostwick (40,100 actes)éf
Irrigated ascres’ 22,700 30,190 22,100 14,300 10,000
Nonirrigated acres 17,400 9,190 18,000 25,800 30,100
Crop valuea/ $ 9,258,000 $ 8,628,000 $ 9,114,000 $ 7,257,000 $ 6,233,000
Net income® $ 4,169,000 $ 4,143,000 $ 4,115,000 $ 3,410,000 $ 3,021,000
Total (132,745 acres)$/
Irrigated acres’/ 79,700 105,990 74,700 43,100 28,000
Nonirrigated acres 53,045 26,755 58,045 89,645 104,745
Crop value $32,701,000 $30,606,000 $31,488,000 $23,614,000 $19,863,000
Net inconag/ $14,309,000 $14,621,000 $13,881,000 $10,722,000 $ 9,269,000

vy Assumes 1978 conditions for development of both conservation practices and ground-water pumping. With

2/ current expectations of development steadying, depicts a most probeble and optimistic future.

£/ Represents a 25 percent reduction in the ferm delivery requirement per acre via different cropping
patterns in the district.

3/ Represents an effort to maintain water surface elevations in the ressrvoirs to meet environmental
recommendations.

&/ Assumes development of ground water does not continue, conservation development continues in future and

5/ ground-water pumping lag effects are realized. Depicts a mid-range future.

=/ Assumes both conservation practices and ground-water development continue into the future. Depicts a

6/ worst condition future.

¥ Total irrigable area for service in district.

=/ Irrigated acres represent a 30-year annual average acreage served meeting full crop consumptive require-
ments. There could be years of no water supply and zero acreage served included in these averages. These

8/ averages do not necessarily meet Bureau of Reclamstion design shortage criteria.

=/ Net income computed from crop enterprise budgets as returns less variable expenses for district cropping
patterns. These values indicate the economic productivity of the district lands, but are not benefit
estimaies or payment capacity values.
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Table 84.--Social sccount - Republican River Basin

Net income

Fresant (978 Fresant 1918 conditions
Historic Present 19'{9 conditions with cropping psttern .
Impact factors conditions conditions:’ with snvironmentsl changes tuture ly buture 2=
Individual £ffscts
Attitudes - district
farmers -—- -—- Msjority of district water shortagss will Opposec to continyed Oppogsed to cortinued
farmers opposed to require cropping changes development. Develop- devalopment. Develoo-
this altecnative. to keep farm visbility mant controls are ment controls are
Changes in fars opere- needed. needed.
- tions will be required
which may be opposed by
the less progressive
operstors.
Area Effects
rrigated scres 105,000 79,700 74,900 105,990 43,100 28,000
Nonirrigated scres 27,745 53,045 58,045 26,755 89,645 104,745
Crop velus $38,978,000 $32,701,000 $31,488,000 $30,606,000 $23,614,000 $19,863,000
$17,043,000 $14,309,000 $13,881,000 $14,621,000 $10,722,000 $ 9,269,000

Community £ffects
Tconomic base (districts)

Tax base (districts)

Employment opportunities

{on-fera-basin)

(Nonfare relsted business)  ---

Net crop income
of $14,309,000

Decressed net crop
income of 3 percent
from 1978 conditions.

Decressed tax bass.

Small decreess froe
1978 conditions.

Smgll decrease fros
1978 conditions.

Increased net crop
incoms of 2.2 petcent
from 1978 conditiona.

Probable decressed
tex bass with county
classification.
Changs dus to water
shortsges.

Small increase fros
1978 conditions.

Same as 1978 conditions.

Decreased net crop
incons of 25.1 per-
cent from 1978
conditions.

Lsrge decresse in
tax base.

Large decrease from
1978 conditions.

Decrease from 1978
conditions.

Decressed net crop
incone of 35.2 per-
cent from 1978
conditions.

Large decrease 1n tax
base.

Large decrease fron
1978 conditions.

Decressa from 1978
conditions.

Other
tood productien

fshifts in major types)

Corn

Corn

Carn

Grain socghus, soy-
bsans, wheat, corn

Corn

Coen

Aggregate Socisl €ffects

Quality of Life
Stsngard of living

(farwers)

Relative Social Position

Socisl Well-Being

Decrease from 1978
conditions.

Senefits of irrigating
in districts continue
to decline.

Oecresse in econoaic
astebility in besin
from 1978 conditions.

Approximetaly the
sanme an 157
conditions.

Benefits of irrigating
in districts ate approx-
imately the same sa

1978 conditions.,

Economic stebility ie
approximstely the same
ss 1978 conditions.

Sharp decresse from
1978 conditions.

Benefits of 1rrigsting
1n districts decreass
sharply.

Sherp decrease in
stadbility in districts.
Ripple sffects will
affect meny commyni-
ties in basin.

Sharp decresse from
1978 conditions.

Benefits of irrigating
1n districts decregse
sharply.

Sharp decresss in
econoaic stability in
districts. Ripple
offectes will affect all
communities in basin,

1/ nssumes 1978 conditions for development of both conservation practices and ground-water pumping. With curcrsnt sxpectations of development steadying, depicts
s most probable and optimistic future.

Y assumes ground-water development does not continue, conservation development continues in future and ground-water pumping lsgs are reslized. Depicts e mid-

range future.
3/

Assumes both conservetion practices and ground-water development continue in the future.
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social institutions, farm employment, and economic activity and stability
of communities would be more drastic than future 1.

This future might be prevented if an immediate moratorium on ground-water
development affecting the reservoir yields is undertaken by the states,
especially in Nebraska. Cropping pattern changes would be necessary with
this alternative.

Water savings in the districts could be attained through 1lining of
distribution and conveyance systems and through improvements in farm
irrigation efficiency. Water savings through canal and lateral lining
offer the means to increase acreages served in some districts. The cost
required to achieve these solutions appears high for current economic and
financial conditions.

Environmental

In addition to the two future considerations, another alternative was
analyzed using results from the computerized reservoir operation models to
determine the effects on water distribution of water level recommendations
made by the FWS. The FWS recommendations were:

1. Maintenance of reservoir levels at the average annual surface area of
the conservation pools.

2. Fluctuation of no more than 30 percent of the surface area of Bonny
Reservoir, Keith Sebelius Lake, and Lovewell Reservoir.

3. Fluctuation of no more than 45 percent of the surface area of Swanson
Lake, Enders Reservoir, and Hugh Butler and Harry Strunk Lakes.

4. Maintenance of existing surface area at Keith Sebelius Lake through
elimination of irrigation releases.

Based on the above recommendations the acreages that could receive water
are shown in table 43.

A recommendation received from the State of Nebraska Game and Parks
Commission is for annual information/coordination meetings between state,
FWS, and Reclamation personnel to discuss basin water management. Nebraska
personnel feel that appropriate state agency personnel should be involved
in proposals to initiate new or modify existing agreements that may affect
fish and wildlife resources. In 1984, the Nebraska Legislature passed
legislation regarding minimum instream flows.

Various management plans were proposed and displayed, and the environmental
impacts are listed in table 45. An additional plan containing alternate
cropping patterns was not arrayed in the table. Present conditions with an
environmental enhancement alternative improve the recreational and fish and
wildlife opportunities, but reduces irrigation possibilities in the basin.
- Cropping pattern changes would not necessarily affect the habitat available
or wildlife. The quantity and quality of food available to wildlife could
be impacted.
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CHAPTER VI--STUDY REVIEW AND FUTURE ACTIVITIES

Upon completion of the investigations, an internal critique of the process
and methodologies was undertaken. In a study as large and data intensive
as the Republican River Basin Water Management Study, it was necessary to
make certain assumptions in order to hydrologically model the basin., These
assumptions, when applied to the entire Republican River Basin, are not
always as sensitive to the area needs as they would be in a smaller study.

Another significant finding was the difficulty encountered in transferring
methodologies from one basin to another, such as from the Solomon River
Basin to the Republican River Basin. The difficulties encountered in a
large basinwide analysis, the derivation of solutions, the sensitivity of
assumptions, and the gaps in the existing data base may prove to be the
most valuable findings of this study.

CONSERVATION PRACTICE MODELING ASSUMPTIONS

In order to implement the conservation practices model, several assumptions
were made to simplify the data base and the computer modeling. The
assumptions were: (1) the Republican River Basin can be divided into
subbasins with flows and depletions that follow the laws of superposition,
(2) one weather station adequately represents the climatological parameters
over an entire subbasin, (3) the conservation practices are distributed
evenly over each subbasin and county area, (4) a typical pond designed for
each subbasin is representative of all ponds in the subbasin, (5) all ponds
in each subbasin have the same infiltration rates, (6) the soils in each
subbasin can be characterized by one soil type that most accurately
describes all of the soils, (7) the runoff curve numbers selected as input
to the models most adequately describe the runoff characteristics in the
basin, (B) estimates of conservation practice quantities over time can be
expressed as linear relationships, and (9) short periods of missing weather
data can be replaced with data from nearby stations.

GROUND-WATER ASSUMPTIONS

The number of irrigation wells located in the study area was determined
from well registration lists obtained from the three states of Colorado,
Nebraska, and Kansas. The irrigation wells were plotted on a map to the
nearest section and were assumed to be irrigating land only in their
subbasin. Since the well registration lists did not accurately list the
acreage irrigated by each well, the following method was used to derive
each well's irrigated acreage. The irrigated acreage per subbasin was
assumed to equal the irrigated acreage derived from 1978 Landsat photos
minus the 1978 irrigated acreage by project water. The irrigated acreage
per well was then assumed to equal the subbasin irrigated acreage divided
by the number of irrigation wells in the subbasin. Net pumpage per well
was then assumed to equal the well's irrigated acreage multiplied by the
average 1920-1978 crop irrigation requirement. Each well was assumed to
begin pumping based on its priority date or the date the well was drilled
if no priority date was provided.
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Recharge to the aquifer system was the sum of several components in the
water budget. Deep percolation of water applied to land by irrigation
wells was assumed to be 20 percent of the total pumpage by each well.
Thirty percent of applied surface water was also assumed to percolate to
the aquifer system. Ninety percent of canal and lateral losses were
assumed to return to the aguifers. Recharge to the aquifers by
precipitation was assumed to equal a historical average annual value which
was estimated for each subbasin using a water budget method. No attempt
was made to determine what changes may have occurred to the precipitation
recharge rate with the development of agricultural lands; however, when
budgets were constructed to project future ground-water storage, the
average annual recharge by precipitation was increased by 10 percent of the
average annual precipitation which occurred on the increased ground-water
irrigated acreage.

When using the Glover methodology to estimate depletions on base flow due
to ground-water pumping, several assumptions are required to make the
mathematics of the modeling valid. Several of these assumptions are:
(1) the stream is hydraulically connected with the aquifer, (2) the stream
channel and well fully penetrated the aquifer, (3) the aquifer is
isotropic, homogeneous, and infinite in areal extent, (4) there is no
resistance to flow or sealing due to sedimentation in the stream, (5) the
stream is straight and of infinite extent, (6) the aquifer is of constant
thickness, (7) Darcy's Law and Dupuit-Forchheimer assumptions apply,
(8) the transmissivity and storage coefficients are constant with time,
(9) the well has an infinitesimal diameter, (10) the aquifer is bounded by
a horizontal, impermeable base, (11) there is an instantaneous accretion or
release of water in storage due to a change in piezometric levels, (12) the
source of the pumped water is aquifer storage and water from the stream
(reduced base flow is induced seepage), and (13) the well pumps at a
constant rate.

FUTURE ACTIVITIES

If the conservation practice depletions are further examined, a longer
period of study would be useful to extend the data base. This would allow
a more accurate calibration of the models so that depletions could be
examined before development of any of the conservation practices. Model
assumptions should be refined to more accurately represent the conditions
in the basin.

When computing the evapotranspiration using the modified Blaney-Criddie
method, it is assumed that the temperature and precipitation data when
averaged over a large area are representative of the irrigation districts.
Dividing the basin into smaller segments would give more accurate values.
Also, better estimates of effective precipitation and nongrowing season
carryover moisture in the soil profile would give better estimates of the
crop irrigation requirements.

In future studies involving ground-water aquifer modeling and streamflow

depletions due to pumping wells, a digital finite element or difference
modeling effort would be invaluable. To refine the modeling effort an
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extension of the data base should include more accurate values of
transmissivity, storativity, well discharge, evapotranspiration,
precipitation recharge, and deep-percolation from applied irrigation water.

An even more effective method of examining the ground-water and
conservation practice depletions would be through the use of a conjunctive
surface water/ground-water model. This would more effectively portray the
complex interactions in the hydrologic system. In this way things such as
recharge to the aquifer system due to conservation practices can be more
accurately represented. Return flows to surface water and ground-water
systems from irrigation and conservation practices would also be better
represented.

The subreconnaissance level analysis of potential modifications to existing
delivery systems provides an indication of structural alternatives which
could increase water system efficiency. Additional analyses, if requested,
should utilize site specific data and provide results of a higher degree of
reliability and accuracy.

Hydrologic, sociceconomic, and environmental conditions resulting from
conservation practices, ground-water pumping, and structural modifications
need to be considered in greater detail in future studies. The inclusion
of these data will be essential to those making long-term decisions and
will provide a basis to formulate action relating to future use of the
basin's water resources.

Reclamation will continue to provide technical expertise to irrigation

districts under its technical assistance programs. This could assist water
users in the analysis of their current and future water problems.
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CHAPTER VII--FINDINGS AND CONCLUSIONS
FINDINGS

1. Surface water supply in the basin has been shown to be declining in
recent years (1966-1978). Factors that are affecting the supply
are: changes in base flow due to increased ground-water pumping for
surface irrigation, development and addition of conservation practices, and
cyclical variations in the precipitation regime.

2. Significant declines in ground-water levels have occurred in the upper
Republican River basin, generally along the Colorado State line due to
extensive well development in the area. This has led to significant
declines in base flow of several major streams in the upper basin.

3. The total basin change in ground-water storage is small when compared to
the total volume of ground water in <«toraqge; a 2 percent decline from a
predevelopment storage volume of 347,893,000 acre-feet. However, i
individual areas where the saturated thickness is relatively thin, the
percent change in storage can be higher, up to 9 percent.

4. Soil and water conservalion practices are the largest <ource of
depletion to the surface water supply in the basin.

5. Consumption of ground water by riparian vegelation is estimated to be
18 percent of the total outflow from the aquifer system over the histaric
perind.

6. Projections to year 2020 show there i< sufficient ground water in
storage for continued well development. However, surface waler supply will
be limited severely by the same development.,

/. The reduction in base flow in streams in the upper basin is due Lo wells
which are either intercepting ground water that formerly discharged into
streams or reversing the gradients to the streams, thereby inducing
streamflow to the aquifer.

B. Seepage from surface water irvigation practices and sysltems has caused
significant. ground-water Tlevel rises along the novthern border ol the
Republican River Ba<sin and around Lhe Courtland Unit in the lowar portion
of the basin. During the historic periad, seepage has also contributed Lo
increased hase flow in Blackwood and Uriftwood Creeks in the upper hLasin,
and in the Republican River reach from Harlan County Dam to Hardy, Kansas
in the lower basin.

9. Surface waler runoft is a fupction of the trequency, duration, and
intensily of precipitation rathey than the total annual precipitation,
Runoft producing storms delivering 1 inch or more of precipitation in
28 hours or less have been less frequent since the 1957-1965 period.

10. Farm delivery requirements for the area range
from 1.76 to 2.07 acre-feet per acre, with an idrrigation efficiency of
55 to 61 percent.
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11. The areas most concerned with deciining water supplies in the basin are
the Almena, Frenchman Valley, and H&RW Irrigation Districts.

12. Significant water savings could be achieved by the irrigation districts
by lining their canals and laterals.

13. Automation of the canals and laterals in the Superior-Courtland
1rr1gat1on facilities would result in better utilization of peak flows in
the river.

14. Changing the operation of the reservoirs would not increase flood
protection in the basin. Dams on the rivers and tributaries adequately
control flooding on the reaches they serve, but the potential for flooding
exists on uncontrolled reaches.

15. Reservoirs are important sources of fishing, hunting, and related
recreational activities in the basin.

16. Decreased base flow has resulted in reduced riparian habitat and
related wildlife in the basin. .

17. Reduced inflows to reservoirs have resulted in a loss of fish habitat
and recreational opportunity.

18. Between 1950 and 1980, the population in the basin has declined
from 215,507 to 169,025 and population of rural areas decreased
by 11.4 percent. This is typical of most rural areas in the Nation.

19. In 1978, 28.9 percent of employment and 30.8 percent of earnings in the
basin were generated by agriculture. Other major sectors of the economy
are construction, transportation, and retail and wholesale trade.

20. Winter wheat, sorghum grain and silage, dry beans, corn, sugar beets,
and livestock are the major contributors to the agriculture economy of the
basin.

CONCLUSIONS

1. Continued development of ground water and conservation practices could
cause decreases in acreage irrigated 1in the irrigation districts
diminishing their income producing ability and their contribution to the
basin's sociceconomic stability.

2. An immediate moratorium on ground-water development that is reducing
reservoir yields might prevent the worst condition future from occurring.

3. With no additional well development after 1978, base flow 1in the
Arikaree River and Blackwood, Beaver and Sappa Creek subbas1ns will decline
to zero by 2020.

4. Under the condition of continued well development after 1978, only the
streams in North and South Fork Republican subbasins and in the Tlower
Republican Basin are predicted to have any base flow by the year 2020.
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5. Severe limitations may be imposed on the reliability of the water supply
for irrigation districts at future 1levels of ground-water pumping and
conservation practices.

6. Assuming 1978 conditions would continue into the future for ground-water
development and conservation practices, one-third more acres could be
irrigated by changing the cropping pattern which would result in
stabilizing net farm incomes at somewhat higher levels for most districts.

7. The cost of lining canals and laterals is not economical under current
conditions.

8. Soil and water conservation practices must be managed effectively.

9. Recreational fish and wildlife opportunities could be improved with the
environmental enhancement alternative, but irrigation would be reduced.

10. Reservoir levels could be stabilized and/or minimum streamflows could
be maintained for selected reaches reducing undesirable conditions for fish
and wildlife.

11. While management actions could be effective, none would restore a full
water supply to the irrigation districts.
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