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Supreme Court of Arizona
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July 27, 1993

SUBSEQUENT HISTORY: Related proceeding at San
Carlos Apache Tribe v. Superior Court, 193 Ariz. 195,
972 P.2d 179, 1999 Ariz. LEXIS 5 (Ariz., 1999)

Appeal after remand at In re General Adjudication of All
Rights to Use Water in the Gila River Sys. & Source, 198
Ariz. 330, 9 P.3d 1069, 2000 Ariz. LEXIS 94 (Ariz.,
2000)

PRIOR HISTORY: [***1] Maricopa County
Nos. W-1, W-2, W-3, W-4 (Consolidated)

In re General Adjudication of All Rights to Use Water in
the Gila River Sys. & Source, 171 Ariz. 230, 830 P.2d
442,1992 Ariz. LEXIS 25 (Ariz., 1992)

DISPOSITION: REMANDED

CASE SUMMARY::

PROCEDURAL POSTURE: After hearings to deter-
mine whether underground water was to be included in a
river system and source, appellant cities filed an inter-
locutory appeal in a trial court in Maricopa County (Ari-
zona) asking the trial court to exclude groundwater from
the adjudication. The trial court issued an order stating
that groundwater was included in the river system and
source if it was a stream's subflow. The cities appealed.

OVERVIEW: Cities and others filed an action under
Ariz. Rev. Stat. § 45-251 et seq. to determine the extent
and priority of the rights of all persons to use water in a
river system and source. Hearings were held on the rela-
tionship between surface water and percolating ground-
water. Following the hearings, the cities filed a motion
asking the trial court to exclude groundwater from the
adjudication. The trial court issued an order stating that
the 50 percent/90 day rule stating that percolating under-
ground water was appropriable if the volume of stream
depletion reached 50 percent or more of the total volume
pumped during 90 days of continuous pumping. On ap-
peal, the court held that the 50 percent/90 day rule did
not apply because it was inconsistent with prior case law
which held that percolating groundwater was not subject
to appropriation.

OUTCOME: The court vacated the trial court's order in
part and remanded the case.

LexisNexis(R) Headnotes

Governments > State & Territorial Governments > Wa-
ter Rights

Real Property Law > Water Rights > Beneficial Use
[HN1] See Ariz. Rev. Stat. § 45-141(A).
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Governments > State & Territorial Governments > Wa-
ter Rights

[HN2] The purpose of a general stream adjudication un-
der title 45 of Arizona Revised Statutes is to determine
the rights of all persons to use the waters of a river sys-
tem and source. Ariz. Rev. Stat. § 45-252(A). "River sys-
tem and source" is defined as all water appropriable un-
der Ariz. Rev. Stat. § 45-141 and all water subject to
claims based upon federal law. Ariz. Rev. Stat. §
45-251(4).
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nix, for Tenneco West, Inc. and Tenneco Arizona Prop-
erties Corp.

Greene, Meyer & McElroy by Scott McElroy, Boulder,
Colorado, for the Navajo Nation.

Kimball & Curry, P.C. by Dalva L. Moellenberg and D.
Lee Decker, Phoenix, for Apache Nitrogen Products, Inc.
and Arizona Rock Products Ass'n, amicus curiae.
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Valley Water Users Ass'n.

Jennele Morris O'Hair, Casa Grande, for Cities of Ben-
son and Sierra Vista, and Town of Mammoth.

Riney B. Salmon, Il and Augustine Jimenez, Ill, Phoe-
nix, for Maricopa County Mun. Water Conservation
Dist. and San Carlos Irr. & Drainage Dist.
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Storey and Jay |. Moyes, Phoenix, for Rio Rico Proper-
ties, Inc.

Martinez & Curtis, P.C. by William P. Sullivan and Mi-
chael A. Curtis, Phoenix, for Town of Wickenburg,
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JUDGES: En Banc. Feldman, Chief Justice. Moeller,
V.C.J., Corcoran and Zlaket, JJ., and William E. Druke,
Court of Appeals Chief Judge, concur. Martone, J., did
not participate in the determination of this matter; pur-
suant to Ariz. Const. art. VI, § 3, the Honorable William
E. Druke, Chief Judge of Division [***5] Two, Arizona
Court of Appeals, was designated to sit in his stead.

OPINION BY: FELDMAN

OPINION
[*384] [**1238] OPINION

This appeal presents the second of six issues ac-
cepted for interlocutory review on December 11, 1991.
We decide today whether the trial court erred in adopting
a test to determine whether the underground water
known as subflow is appropriable under A.R.S. § 45-141.
We have jurisdiction pursuant to A.R.S. § 45-252 and
Ariz. Const. art. 6, § 5(3).

FACTS AND PROCEDURAL HISTORY

This case is a consolidated general adjudication
brought under A.R.S. § 45-251 et seq. to determine the
extent and priority of the rights of all persons to use wa-
ter in the Gila River system and source. For the full
procedural history of the case, see Arizona v. San Carlos
Apache Tribe of Arizona, 463 U.S. 545, 103 S. Ct. 3201,
77 L.Ed.2d 837 (1983); United States v. Superior Court,
144 Ariz. 265, 270-71, 697 P.2d 658, 663-64 (1985), In
re Rights to the Use of the Gila River, 171 Ariz. 230,
232-33, 830 P.2d 442, 444-45 (1992). For the present
opinion, [***6] the relevant facts are brief.

For five days in October 1987, the trial court held
hearings on the relationship between surface water and
groundwater.  [*385] [**1239] Hydrologists and
hydrological engineers testified and submitted reports on
the relation between ground and surface water in general,
and in the San Pedro and Santa Cruz watersheds in par-
ticular. The hearings were for the general education of
all parties and the court, but the material adduced at the
hearing was to be considered evidence on which the
court could rely when appropriate.

Following the hearings, several cities * filed a Mo-
tion to Exclude Wells From the General Adjudication,
asking the trial court to exclude from the adjudication all
wells pumping percolating groundwater, and to include
only those wells pumping surface flow and subsurface
flow, within the meaning of Maricopa County Municipal
Water Conservation District No. One v. Southwest Cot-
ton Co., 39 Ariz. 65, 4 P.2d 369 (1931) ("Southwest Cot-
ton"). The trial court decided to use the cities' motion,
and the information developed at the hearings, as a vehi-
cle to resolve several surface water and  [***7]
groundwater issues. Thus, in January 1988, the trial
court ordered the parties to brief eight specific questions
it believed it could decide as a matter of law based on the
evidence adduced at the October 1987 hearings. In May
1988, the trial court heard argument and in September it
issued its order answering those questions.

1  Those cities were Chandler, Tempe, Mesa,
Scottsdale, Glendale, Peoria, Goodyear, Casa
Grande, Avondale, Nogales, and Prescott.

One of the eight questions the trial court answered in
its September order was:

Is ground water included within the
phrase "river system and source™ as it is
used in A.R.S. 88 45-141 and 45-251(4),
and if so, to what extent is it included? 2
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The trial court concluded that underground water is in-
cluded in the river system and source if it is a stream's
subflow, as that term is used in Southwest Cotton. The
effect of this ruling was to declare that groundwater
pumpers extracting water within the court's definition of
"subflow" were diverting water appropriable [***8]
under A.R.S. § 45-141(A). Therefore, their rights to that
water would depend on the priority of their appropria-
tion, rather than on an owner's right to remove water
percolating under the surface of the owner's land.

2  AR.S. §45-141(A) reads:

[HN1] The waters of all
sources, flowing in streams, can-
yons, ravines or other natural
channels, or in definite under-
ground channels, whether peren-
nial or intermittent, flood, waste or
surplus water, and of lakes, ponds
and springs on the surface, belong
to the public and are subject to
appropriation and beneficial use as
provided in this chapter.

The court then concluded that certain wells with-
drawing water from the younger alluvium of a stream
basin should be presumed to be pumping appropriable
subflow. The court instructed the Department of Water
Resources ("DWR") to designate such wells in its hy-
drographic survey reports ® as pumping appropriable
subflow if:

As to wells located in or close to that
younger alluvium, the volume of stream
depletion would reach 50% or more
[***9] of the total volume pumped dur-
ing one growing season for agricultural
wells or during a typical cycle of
pumpage for industrial, municipal, min-
ing, or other uses, assuming in all in-
stances and for all types of use that the
period of withdrawal is equivalent to 90
days of continuous pumping for purposes
of technical calculation.

The court acknowledged that this test (the "50%/90 day
rule") appeared to be somewhat arbitrary but explained it
was essential for use in instructing DWR in the prepara-
tion of its hydrographic survey reports. Well owners
would be allowed to prove that their wells were not
pumping subflow at the time of their evidentiary hearing.

3 These hydrographic survey reports are to be
prepared by DWR pursuant to A.R.S. § 45-256 as
part of its role as technical advisor to the trial
court.

Many parties sought review of this ruling pursuant
to this court's Special Procedural Order Providing for
Interlocutory Appeals and Certifications, filed September
26, 1989. We granted review and framed the issue
[***10] as follows:

[*386] [**1240] Did the trial
court err in adopting its 50%/90 day test
for determining whether underground
water is "appropriable” under A.R.S. §
45-141?

THE ISSUE

This issue arises from the way Arizona water law
has developed from territorial days. Those seeking a
detailed history of the evolution of Arizona water law,
going back to the organization of the Arizona Territory,
are referred to John D. Leshy & James Belanger, Arizona
Law Where Ground and Surface Water Meet, 20 Ariz.
St.L.J. 657 (1988). As will be seen below, rights associ-
ated with water found in lakes, ponds, and flowing
streams -- surface water -- have been governed by the
doctrine of prior appropriation. This doctrine developed
in the western part of the country where the common law
riparian rights doctrine was unsuited to prevailing arid
conditions. On the other hand, underground water has
been governed by the traditional common law notion that
water percolating generally through the soil belongs to
the overlying landowner, as limited by the doctrine of
reasonable use. Id.

This bifurcated system of water rights was not
unigue to Arizona. It was typical [***11] of western
states until around the turn of the twentieth century. At
that time, scientific investigation was revealing that most
underground water is hydraulically connected to surface
water. As scientific knowledge progressed, most states
revised their water laws to provide for unitary manage-
ment of hydraulically connected underground and sur-
face water. Arizona, however, did not, and continues to
adhere to a bifurcated system of water rights, with com-
pelling implications for general stream adjudications.
Id.

[HN2] The purpose of a general stream adjudication
under title 45 is to determine the rights of all persons to
use the waters of a river system and source. AR.S. 8
45-252(A). "River system and source" is defined as "all
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water appropriable under [A.R.S.] § 45-141 and all water
subject to claims based upon federal law." A.R.S. §
45-251(4). Thus, basic to this case is the extent to
which water pumped from wells must be treated as ap-
propriable under § 45-141 or, conversely, as groundwater
excluded from the legal rules applying to prior appropri-
ation. The need to resolve the question early in the pro-
ceeding impelled us to grant review.

HISTORICAL PERSPECTIVE

We start with [***12] Southwest Cotton, this
court's early and most important attempt to enunciate the
relative rights of groundwater and surface water users.
The court's comment in that case applies to the present
dispute:

The case is one of the most important
which has ever come before this court,
involving as it does not only property in-
terests of [great] value . . . but also a dec-
laration of legal principles which will in
all probability determine and govern to a
great extent the course of future . . . de-
velopment within the arid regions of Ari-
zona. The real question involved is the
law applicable to the relative rights to the
ownership and use of the subterranean
waters of the state as against those of the
surface waters.

39 Ariz. at 71, 4 P.2d at 372.

Southwest Cotton involved a suit by Southwest Cot-
ton Company and others ("Southwest Cotton™) against
Maricopa County Municipal Water Conservation District
No. 1 and others ("Conservation District"). Southwest
Cotton owned a large tract of land west of Phoenix. It
drilled almost one hundred wells in and around the Agua
Fria River bed * to irrigate 19,000 acres. In 1925, plans
foradamon [***13] the Agua Fria River upstream of
Southwest Cotton's development matured, and the Con-
servation District floated bonds to finance the project.
Southwest Cotton sued to enjoin the project, fearing that
the upstream [*387] [**1241] dam would prevent
water from reaching the downstream wells.

4  The Agua Fria River flowed only intermit-
tently. Southwest Cotton's wells were located in
an area roughly ten miles wide and twenty miles
long. Some were in the river bed, and others
ranged from a few feet to six miles from the river.

In the trial court, Southwest Cotton argued that the
water it pumped was subject to appropriation under the
predecessor of A.R.S. § 45-141(A). ® The trial court ruled

for Southwest Cotton, holding that the water was appro-
priable as water flowing in definite underground chan-
nels.

5  Southwest Cotton also claimed rights to a
surface diversion in connection with a tunnel and
canal system at what was known as the Marinette
heading.

[***14] On appeal, Southwest Cotton advanced
three theories: (1) percolating underground water was
appropriable; (2) water running in underground channels
was appropriable; and (3) subflow of the Agua Fria River
was appropriable. This court decided to treat all issues as
matters of first impression. First, it addressed South-
west Cotton's claim that percolating groundwater is ap-
propriable. At the time of Southwest Cotton, percolating
water was defined generally as water that passes through
the ground and does not form part of a body of water or a
water course. 2 Clesson S. Kinney, The Law of Irriga-
tion and Water Rights § 1188, at 2152 (2d ed. 1912). It
was further classified with reference to the streams or
other bodies of water to which it was tributary. "Diffused
percolations” were not tributary to any definite surface or
underground stream or body of water. Id. "Percolating
waters tributary to surface water" were, as the name im-
plies, "waters which infiltrate their way through the ad-
joining ground to some surface water course or other
body of surface water." Id. § 1193, at 2162.

The Southwest Cotton court examined Arizona stat-
utes from 1864 and its previous decisions [***15] and
reaffirmed its prior holding that percolating subterranean
water was not subject to appropriation. 39 Ariz. at 84, 4
P.2d at 376. Language in the opinion makes it clear that
the court meant that all percolating water, however clas-
sified, was not subject to appropriation. While distin-
guishing certain California cases on which Southwest
Cotton relied, the court stated:

Whether [the water underlying South-
west Cotton's land] be diffused percola-
tions in the common law sense of the term

. ., or whether it be percolating waters
whose extraction will tap other waters, . . .
is immaterial in this instance, for neither
class is subject to appropriation under the
law of Arizona.

ld. at 100, 4 P.2d at 382. °

6  Any decision as to what law applied to per-
colating water was left for another day. Id. at
83-84, 4 P.2d at 376. That day arrived more than
twenty years later. See Bristor v. Cheatham, 75
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Ariz. 227, 255 P.2d 173 (1953), which estab-
lished the right of the surface owner to reasonable
use of the water percolating under his property.

[***16] The court also addressed Southwest Cot-
ton's argument that its water came from underground
streams. The court rejected that argument because there
was insufficient evidence to show that Southwest Cot-
ton's wells tapped underground channels with known and
definite banks from which Arizona law allowed appro-
priations. Id. at 95, 4 P.2d at 380.

Finally, the court addressed the argument that
Southwest Cotton was pumping appropriable subflow of
the Agua Fria River. The court defined "subflow" as

those waters which slowly find their
way through the sand and gravel consti-
tuting the bed of the stream, or the lands
under or immediately adjacent to the
stream, and are themselves a part of the
surface stream.

Id. at 96, 4 P.2d at 380.

In almost all cases the so-called
subflow is found within, or immediately
adjacent to, the bed of the surface stream
itself.

Id. at 97, 4 P.2d at 381.

Subflow "physically . . . constitute[s] a part of the
surface stream itself, and [is] simply incidental thereto."
Id. at 96, 4 P.2d at 380. It is subject to the same rules of
appropriation as the surface stream itself. 1d. at 97, 4
P.2d at 380-81.

[*388] [**1242] The court [***17] set forth a
test for determining whether underground water is ap-
propriable subflow. First, it wrote:

The best test which can be applied to
determine whether underground waters
are as a matter of fact and law part of the
surface stream is that there cannot be any
abstraction of the water of the underflow
without abstracting a corresponding
amount from the surface stream, for the
reason that the water from the surface
stream must necessarily fill the loose, po-
rous material of its bed to the point of
complete saturation before there can be
any surface flow.

Id. at 96, 4 P.2d at 380 (emphasis added).

In the next paragraph, the court wrote:

Not only does [subflow] move along
the course of the river, but it percolates
from its banks from side to side, and the
more abundant the surface water the fur-
ther will it reach in its percolations on
each side. But, considered as strictly a
part of the stream, the test is always the
same: Does drawing off the subsurface
water tend to diminish appreciably and
directly the flow of the surface stream? If
it does, it is subflow, and subject to the
same rules of appropriation as the surface
stream itself; if it does not, then, [***18]
although it may originally come from the
waters of such stream, it is not, strictly
speaking, a part thereof, but is subject to
the rules applying to percolating waters.

Id. at 96-97, 4 P.2d at 380-81 (emphasis in original).

Concluding that there was no evidence that South-
west Cotton's pumping directly or appreciably dimin-
ished the flow of the river, the court reversed and re-
manded the case for a new trial. Id. at 99, 106, 4 P.2d
at 381, 384.

Until Bristor v. Cheatham, 73 Ariz. 228, 240 P.2d
185 (1952) ("Bristor 1"), this court consistently applied
Southwest Cotton's rule that percolating groundwater is
not subject to appropriation. In Bristor |, the court held
by a 3-2 margin that percolating water was subject to
appropriation. The court granted rehearing, however, and
fourteen months later reversed itself by a 3-2 margin. In
Bristor v. Cheatham, 75 Ariz. 227, 255 P.2d 173 (1953)
("Bristor 1I'), the majority reaffirmed our prior holdings
that percolating water is not subject to appropriation.
Avrizona's courts have followed Bristor |1 to this day.

DISCUSSION

[***19] The parties in this appeal generally agree
that Southwest Cotton is at the heart of the issue before
us. One group argues that Southwest Cotton's concept
of subflow is narrow, and that the 50%/90 day rule is too
broad, because it includes wells that pump underground
water not appropriable under A.R.S. § 45-141(A). An-
other group argues that Southwest Cotton's concept of
subflow is broad, and that the 50%/90 rule is too narrow,
because it fails to include all wells that pump appropria-
ble subflow. The third group argues that the trial court
was correct.  Although it seems to agree that the 50%/90
day rule is not faithful to Southwest Cotton, the third
group contends that the trial court's order should not be
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disturbed because it merely creates a rebuttable pre-
sumption. We address this argument first.

A. The presumption

The 50%/90 day rule was formulated to instruct
DWR in the preparation of hydrographic survey reports,
and merely creates a rebuttable presumption that wells
meeting the test are pumping subflow. Nonetheless, if
the test is defective, its use would adversely affect the
adjudication. It would plant errors in every hydro-
graphic survey report, which [***20] would have to be
litigated according to the procedures set out in the Rules
for Proceedings Before the Special Master, Rules
6.00-16.00. This would exacerbate an already lengthy
and costly process. Perhaps even more significantly,
use of a flawed test for identifying wells pumping
subflow could cause significant injustice. Many surface
owners unable to mount a challenge could effectively
lose their right to pump percolating groundwater, simply
because their wells were improperly presumed to be
pumping [*389] [**1243] appropriable subflow.
Considering the time, expense, and importance of accu-
rate hydrographic survey reports, and the complex law-
suits over their correctness, it would be a senseless waste
to use a flawed presumption for identifying wells pump-
ing subflow.

B. Applying the rule of Southwest Cotton
1. Stare decisis

We now determine whether the trial court's 50%/90
day rule accurately reflects Southwest Cotton's subflow
rationale. We perceive our role as interpreting South-
west Cotton, not refining, revising, correcting, or im-
proving it. We believe it is too late to change or over-
rule the case. More than six decades have passed since
Southwest [***21] Cotton was decided. The Arizo-
na legislature has erected statutory frameworks for regu-
lating surface water and groundwater based on Southwest
Cotton. Arizona's agricultural, industrial, mining, and
urban interests have accommodated themselves to those
frameworks.  Southwest Cotton has been part of the
constant backdrop for vast investments, the founding and
growth of towns and cities, and the lives of our people.
Of course, this court is not absolutely bound by stare
decisis and may change judge-made law, especially
when the need for change is apparent, the error or confu-
sion in previous decisions is evident, and change is pos-
sible without causing significant damage. We have
done so in the recent past. See Wiley v. Industrial
Commission, 174 Ariz. 94, 847 P.2d 595 (1993). We do
not do so lightly, however, or in the absence of compel-
ling reasons. State v. Huerta, 175 Ariz. 262, 855 P.2d
776 (1993); cf. State v. Lara, 171 Ariz. 282, 285, 830
P.2d 803, 806 (1992).

If this principle applies to ordinary cases, it must be
applied with [***22] particular care when the prospec-
tive effect of change threatens important vested rights
and may affect every Arizonan's well-being. Thus, even
though Southwest Cotton may be based on an under-
standing of hydrology less precise than current theories,
it would be inappropriate to undo that which has been
done in the past. Instead, we will attempt only to re-
solve as best we can the ambiguities and uncertainties
left by that decision. Given the inexact nature of the
"direct and appreciable diminution" test laid down by
Southwest Cotton, that in itself is no small task.

2. Application

Those who argue that the 50%/90 day rule is too
narrow suggest that Southwest Cotton's test is very
broad. They argue that pumping underground water
from a tributary aquifer 7 causes direct stream depletion,
either by intercepting water that otherwise would reach
the stream or by dewatering an area, thereby inducing
water to flow from the stream to fill the void. Such de-
pletion is "appreciable,” the argument goes, if it is
"[c]apable of being estimated . . . or recognized . . .[;]
perceptible." Citing Oxford English Dictionary (2d ed.
1989). These parties contend that any well pumping
[***23] from a tributary aquifer is pumping subflow if
it causes any measurable stream depletion in a period of
one or more decades. ® Viewed outside the context in
which the Southwest Cotton test was formulated, that
interpretation is plausible. Viewed in context, however,
it clearly is too expansive from both geographical and
time standpoints.

7 A ftributary aquifer is an aquifer having a
direct hydraulic connection with a stream or with
another aquifer that has such a connection.

8  The lead brief for those arguing that the test
is too narrow suggests a period of ten years. The
brief filed by the Nature Conservancy suggests a
period of forty years. Both briefs allow for ex-
clusion of wells that pump de minimis amounts
of water or that have de minimis impact on sur-
face streams.

When Southwest Cotton was decided, subflow was a
well known water law concept. The primary authority
on which the Southwest Cotton court relied concerning
subflow was 2 Kinney, supra 8 1161. Kinney addressed
the concept of [***24] subflow in Chapter 60, entitled
"Subterranean Water Courses.”" He subdivided subterra-
nean water courses into two general categories, [*390]
[**1244] known and unknown. Known subterranean
water courses were those in which the channel had been
identified. Unknown courses were those in which the
channel had not been identified. Id. § 1155, at 2098-99.
Known subterranean water courses were further subdi-
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vided into independent or dependent. Independent
courses were those that flowed "independent of the in-
fluence of any surface streams." Id. § 1156, at 2100.
Dependent courses were "waters . . . dependent for their
supply upon the surface streams, or are the ‘underflow,’
'sub-surface flow,' 'subflow," or ‘undercurrent, as they are
at times called, of surface streams.” 1d. § 1161, at 2106.
Kinney's definition of subflow was the one used in
Southwest Cotton. See 39 Ariz. at 96, 4 P.2d at 380. °

9 See also Black's Law Dictionary 1425 (6th
ed. 1990), defining "subflow" as "[t]hose waters
which slowly find their way through sand or
gravel constituting bed of a stream, or lands un-
der or immediately adjacent to [a] stream."

[***25] Kinney specifically discussed subflow in
the context of intermittent streams, such as the Agua Fria
River, at issue in Southwest Cotton. He explained that a
large volume of water flows through the sand and gravel
underlying most streams in arid regions. During dry
seasons, the surface of these streams may be dry, but
water flows underneath the surface. This underground
water is not a separate underground stream but still a part
of the surface stream. 2 Kinney, supra 8 1161, at
2106-10. Furthermore, speaking again about intermit-
tent streams, Kinney wrote:

[W]aters, in order to constitute the un-
derground flow of surface streams, must
be connected with the stream and strictly
confined to the river bottom and moving
underground, as was stated in a California
case, "in connection with it, and a course
with a space reasonably well defined.” In
other words, the water must be within the
bed of the surface stream itself. Other-
wise such underground waters must be
classified with percolating waters, herein-
after discussed.

Id. 8 1161, at 2110 (footnotes omitted).

In his later discussion of percolating water, Kinney
wrote:

Our second class of percolating waters
we will [***26] define as those waters
which infiltrate their way through the ad-
joining ground to some surface water
course or other body of surface water.

Id. § 1193, at 2162 (footnote omitted). Kinney de-
scribed what the parties in this case have referred to as

tributary groundwater. He pointedly distinguished tribu-
tary groundwater from subflow:

[Percolating waters tributary to surface
waters] differ from the underflow of sur-
face streams in the fact that they have not
yet reached the channels of the water
courses to which they are tributary; while,
upon the other hand, the underflow of
surface streams have reached these chan-
nels and are therefore dealt with as com-
ponent parts of such streams.

Id. (footnote omitted).

Thus, Kinney defined subflow narrowly and specif-
ically distinguished it from tributary groundwater. It is
clear that we adopted that narrow definition in Southwest
Cotton. The court's discussion of subflow, 39 Ariz. at
96-97, 4 P.2d at 380-81, is a virtual paraphrase of large
portions of Kinney's discussion in § 1161, at 2106-10.
Furthermore, in its answering brief Southwest Cotton
made essentially the same argument [***27] that is
being made in this proceeding. In a section of its brief
entitled "Underground Waters Tributary to or Dependent
Upon Surface Streams Subject to Appropriation as Part
of the Stream,"” Southwest Cotton argued that under-
ground water that is hydraulically connected -- tributary
-- to surface water should be considered part and parcel
of the surface stream. As such, it should be subject to
appropriation as waters of the stream. Brief of Appellees
(Conservation District) at 199-200.

The court rejected that argument, holding that all
types of percolating water were not subject to appropria-
tion under Arizona law. Southwest Cotton, 39 Ariz. at
84, 4 P.2d at 376. Having so held, it is unreasonable
[*391] [**1245] to suppose that the court then turned
around and adopted a concept of subflow broad enough
to include all underground water hydraulically connected
to a surface stream. It seems clear that the court consid-
ered subflow and tributary groundwater to be two dif-
ferent classes of underground water. The former is sub-
ject to appropriation under the predecessor of A.R.S. §
45-141(A); the latter is not.

The rehearing proceedings [***28] in Southwest
Cotton further indicate the court's narrow view of
subflow. In its petition for rehearing, Southwest Cotton
argued that the court defined subflow too narrowly. It
took issue with the use of the term "immediately” in the
following portion of the opinion:

The underflow, subflow, or undercur-
rent, as it is variously called, of a surface
stream may be defined as those waters
which slowly find their way through the
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sand and gravel constituting the bed of the
stream, or the lands under or immediately
adjacent to the stream, and are themselves
a part of the surface stream.

39 Ariz. at 96, 4 P.2d at 380 (emphasis added).
Southwest Cotton argued that neither Kinney nor any
other text writer used the word "immediately" or any of
its synonyms as a limitation on the word "adjacent.” Pe-
tition for Rehearing at 22. In its opinion on rehearing,
the court made no specific mention of this argument but
essentially affirmed its original test for identifying
subflow. Maricopa County Mun. Water Conservation
Dist. No. One v. Southwest Cotton Co., 39 Ariz. 367,
369, 7 P.2d 254, 254 (1932). [***29] Obviously,
therefore, the court meant it when it said that in almost
all cases "subflow is found within, or immediately adja-
cent to, the bed of the surface stream itself." 39 Ariz. at
97, 4 P.2d at 381. Subflow is a narrow concept. Thus,
all water in a tributary aquifer is not subflow.

We believe the Southwest Cotton court drew a line
between subflow as part of the stream and water in the
surrounding alluvium that is either discharging into the
stream or being discharged by the stream. That line is
relatively close to the stream bed, with variations de-
pending on the volume of stream flow and other varia-
bles. Thus, if a well is drawing water from the bed of a
stream, or from the area immediately adjacent to a
stream, and that water is more closely related to the
stream than to the surrounding alluvium, as determined
by appropriate criteria, the well is directly depleting the
stream. If the extent of depletion is measurable, it is ap-
preciable.  This is not an all-or-nothing proposition.
For example, if the cone of depression ** of a well has
expanded to the point that it intercepts a stream bed, it
almost certainly will be pumping [***30] subflow. At
the same time, however, it may be drawing water from
the surrounding alluvium. Thus, part of its production
may be appropriable subflow and part of it may not.
Even though only a part of its production is appropriable
water, that well should be included in the general adju-
dication.

10 The cone of depression is the "fun-
nel-shaped area around a well, where the water
table has been lowered by the withdrawal of
groundwater through the well." 6 Robert E. Beck,
ed., Waters and Water Rights 503 (1991).

We believe that the trial court's approach is incon-
sistent with Southwest Cotton. The trial court instructed
DWR to apply the 50%/90 day test to all wells located in
or near the younger alluvium. The record shows, howev-
er, that in a given area the younger alluvium may stretch

from ridge line to ridge line so that all wells in the valley
would be in or near the younger alluvium. To say that all
of an alluvial valley's wells may be pumping subflow is
at odds with Southwest Cotton's statement that subflow
[***31] is found within or immediately adjacent to the
stream bed.

Likewise, the 50%/90 day "volume-time" test does
not find its origin in Southwest Cotton. Given enough
time, and with certain exceptions, all extractions from a
tributary aquifer will cause a more-or-less corresponding
depletion from stream flow volume. That, indeed, is the
basis of the continuing controversy between groundwater
pumpers and surface appropriators. Southwest Cotton,
however, did not purport [*392] [**1246] to iden-
tify subflow in terms of an acceptable amount of stream
depletion in a given period of time. It sought to identify
subflow in terms of whether the water at issue was part
of the stream or was percolating water on its way to or
from the stream.

Furthermore, the actual time and volume elements
adopted by the trial court are essentially arbitrary. Un-
der the trial court's test, a pumper extracting 1,000 acre
feet, diminishing stream flow by "only" 499 acre feet
within 90 days, would be presumed to be pumping
groundwater, whereas a well owner extracting 100 acre
feet, depleting stream flow by 51 acre feet, would be
presumed to be pumping surface water. Nothing in
Southwest Cotton or [***32] the record in this pro-
ceeding justifies so arbitrary a classification. The same,
of course, is true of application of the 90-day time peri-
od. Why not 75 or 100 days?

Whether a well is pumping subflow does not turn on
whether it depletes a stream by some particular amount
in a given period of time. As we stated above, it turns
on whether the well is pumping water that is more close-
ly associated with the stream than with the surrounding
alluvium. For example, comparison of such characteris-
tics as elevation, gradient, and perhaps chemical makeup
can be made. Flow direction can be an indicator. If the
water flows in the same general direction as the stream, it
is more likely related to the stream. On the other hand, if
it flows toward or away from the stream, it likely is re-
lated to the surrounding alluvium. The present record
certainly allows neither the trial court nor us to identify a
definitive set of criteria. Furthermore, it also is likely
that differences in geology and hydrology from location
to location may require that different criteria be given
more or less emphasis, depending on the area under
analysis. The record allows neither the trial court, nor
us, to make [***33] those determinations.

We conclude, therefore, that the 50%/90 day test for
identifying wells presumed to be pumping subflow is
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inconsistent with Southwest Cotton and should not be
used.

3. The burden of proof

The trial court's 50%/90 day rule created a presump-
tion that wells meeting the test are pumping appropriable
water. The burden of proof then fell on well owners to
prove that their wells did not pump appropriable water.
Those arguing that the 50%/90 day test is too narrow
point out that under Arizona law underground water is
presumed to be percolating and that one claiming other-
wise has the burden of proving the claim by clear and
convincing evidence. Neal v. Hunt, 112 Ariz. 307, 311,
541 P.2d 559, 563 (1975); Southwest Cotton, 39 Ariz. at
85, 4 P.2d at 376. Thus, they conclude, the trial court's
order improperly shifted to well owners the burden of
proving that their wells do not pump appropriable water.
We disagree. If DWR uses the proper test and relies on
appropriate criteria for determining whether a well meets
the test, its determination that a well is pumping appro-
priable [***34] subflow constitutes clear and convinc-
ing evidence. It is consistent with Arizona law, then, to
require the well owner to come forward with evidence
that DWR is wrong.

4. The future

Finally, we recognize that the line between surface
and groundwater drawn by the Southwest Cotton court
and reaffirmed by this court today is, to some extent,
artificial and fluid. As discussed above, however, we do
not feel free to redraw or erase that line. It is important
to remember that the Southwest Cotton court did not cre-
ate an all-encompassing set of common law principles.
It purported, instead, to interpret the relevant statutes
codifying the doctrine of prior appropriation and identi-
fying the water sources to which the doctrine applied.
Those statutes remain relatively intact. See A.R.S. §
45-141. Southwest Cotton argued at the time for a dif-
ferent interpretation of the statutes and the Arizona Con-
stitution. Since Southwest Cotton, many have criticized
Avrizona's adherence to a bifurcated system of water
management. See Leshy & Belanger, supra, at 657-60.
Now, sixty years later, [*393] [**1247] similar ar-
guments are made that Southwest Cotton [***35]
misinterpreted our statutes and constitution. See id. at
767-90. We recognize compelling arguments in favor
of unified management of Arizona's water resources.
Nonetheless, in the decades since Southwest Cotton was
decided, the Arizona Legislature has not significantly
altered the opinion's reach.

Southwest Cotton's concept of subflow added mar-
ginally to the statutory definition of water subject to ap-
propriation, but we do not propose to rewrite the statute
further by broadening the concept of subflow. We be-
lieve the trial court's 50%/90 day rule expands the clear

words of A.R.S. § 45-141(A) to include not only waters
flowing in streams but, potentially, waters pumped any
place in the younger alluvium. The court's order does not
explain the rule's derivation. The 50%/90 day rule does
not comport with the tests laid down in Southwest Cot-
ton. Water may be considered appropriable underflow
if the "abstraction” by pumping results in "abstracting a
corresponding amount from the surface stream.” Consid-
ering subflow as "strictly a part of the stream, the test is
always the same: Does drawing off the subsurface water
tend to diminish appreciably and directly the flow
[***36] of the surface stream?" 39 Ariz. at 97, 4 P.2d
at 380 (emphasis in original).

Thus, we reaffirm Southwest Cotton's narrow con-
cept of subflow. We realize this does not solve the prob-
lems of equitably apportioning all available water in the
state between conflicting interests and claims of
groundwater users and surface appropriators. We be-
lieve, however, that in this area of the law, as much or
more than any other, any appropriate change in existing
law must come from the legislature. See Arizona
Groundwater Code, Title 45, ch. 2; Chino Valley v. City
of Prescott, 131 Ariz. 78, 638 P.2d 1324 (1981). That is
as it should be. As we stated in Arizona Public Service
Co. v. Long, 160 Ariz. 429, 436, 773 P.2d 988, 995
(1989):

Regulation of water use, . . . especially
in a desert state, does not lend itself to
case-by-case definition. In this field, we
not only confer private rights and interests
but deal in the very survival of our society
and its economy. Simply put, there is not
enough water to go around. All must
compromise and some [***37] must
sacrifice. Definition of those boundaries
is peculiarly a function for the legislature.
It is plainly not a judicial task. Accord-
ingly, we must look to the legislature to
enact the laws they deem appropriate for
wise use and management.

D. Comprehensiveness Requirement

The United States is a party to this case under the
McCarran Amendment, which gives consent to suits
against the United States in state court adjudications that
embrace "rights to the use of water in a river system or
other source." 43 U.S.C. § 666(a). The United States
argues that unless this adjudication includes all water
hydrologically connected to the Gila River system, it will
not be comprehensive enough to satisfy the McCarran
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Amendment requirement that it embrace all rights to the
use of water in the river system or other source. At oral
argument, the United States also asserted that the trial
court in this case cannot exclude wells having only a de
minimis effect on the river system. We disagree.

The McCarran Amendment recognizes that any de-
cree from a water rights adjudication would be of little
value unless it joined all parties owning rights to a
stream [***38] or water source, including the United
States. According to Senator McCarran, who intro-
duced the bill and chaired the reporting committee:

S. 18 is not intended . . . to be used for
any other purpose than to allow the Unit-
ed States to be joined in a suit wherein it
is necessary to adjudicate all of the rights
of various owners on a given stream. This
is so because unless all the parties owning
or in the process of acquiring water rights
on a particular stream can be joined as
parties defendant, any subsequent decree
would be of little value.

United States v. District Court in and for Eagle County,
Colo., 401 U.S. 520, 525, 91 [*394] [**1248] S.Ct.
998, 1002, 28 L.Ed.2d 278 (1971) (quoting from S.Rep.
No. 755, 82d Cong., 1st Sess., at 9 (1951)). The
McCarran Amendment was not intended to impose on
the states a federal definition of "river system or other
source." Rather, as the Court held in Colorado River
Water Conservation District v. United States, 424 U.S.
800, 819, 96 S. Ct. 1236, 1247, 47 L.Ed.2d 483 (1976):

The consent to jurisdiction [***39]
given by the McCarran Amendment be-
speaks a policy that recognizes the availa-
bility of comprehensive state systems for
adjudication of water rights as the means
for achieving [the goal of avoiding
piecemeal adjudication of interdependent
water rights by resolving them in a single
unified proceeding].

The United States has cited no authority supporting its
reading of the McCarran Amendment, ** but there is con-
trary precedent. In United States v. Oregon Water Re-
sources Department, 774 F. Supp. 1568, 1578
(D.Ore.1991), the court wrote:
Finally, the United States and the Tribe
argue that because the adjudicative pro-
cedures of the State of Oregon do not call
for simultaneous adjudication of rights to

surface water and rights to groundwater
within a given river system, the adjudica-
tion is not comprehensive within the
meaning of the McCarran Amendment.
The language of the McCarran Amend-
ment does not support this construction,
and the United States and the Tribe point
to no provision in the legislative history
and no case precedent, state or federal, in
support of this construction of the
McCarran Amendment.

This correctly states the law.

11  The United States provided this court with
a copy of an unpublished decision of a California
superior court in which the court granted a feder-
al motion to dismiss on the ground that the pro-
ceeding was not comprehensive because it did not
include groundwater users. We do not find that
to be persuasive authority. In any event, the
California court did not base its decision on what
it perceived to be a rule of general application but
on the peculiar facts of the case before it.

[***40] We believe that the trial court may adopt
a rationally based exclusion for wells having a de
minimis effect on the river system. Such a de minimis
exclusion effectively allocated to those well owners
whatever amount of water is determined to be de
minimis. It is, in effect, a summary adjudication of their
rights. A properly crafted de minimis exclusion will not
cause piecemeal adjudication of water rights or in any
other way run afoul of the McCarran Amendment. Ra-
ther, it could simplify and accelerate the adjudication by
reducing the work involved in preparing the hydro-
graphic survey reports and by reducing the number of
contested cases before the special master. Presumably,
Congress expected that water rights adjudications would
eventually end. It is sensible to interpret the McCarran
Amendment as permitting the trial court to adopt rea-
sonable simplifying assumptions to allow us to finish
these proceedings within the lifetime of some of those
presently working on the case.

CONCLUSION

We vacate the portion of the trial court's September
8, 1988 order that formulated the 50%/90 day rule. We
remand the matter to the trial judge to take evidence and,
by applying the principles [***41] contained in this
opinion, determine the criteria for separating appropria-
ble subflow from percolating groundwater.
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CHAPTER 1: INTRODUCTION

Arizona is unique among western states in its distinction between
nonappropriable percolating groundwater and appropriable subsurface streamflow. The
bifurcated system demands a determination of whether one’s water is governed by the
Groundwater Code or the Surface Water Code though neither the law nor the hydrology
of the typical alluvial valley stream provides a clear dividing line between groundwater
and surface water. This report, prepared by the Arizona Department of Water
Resources (DWR), analyzes the problem of distinguishing between percolating
groundwater and subsurface streamflow under this system, and suggests alternative

criteria which may be used to make this determination in view of existing law.

The analysis begins in Chapter 2 with a brief review of standard groundwater
hydrology. These principles, widely recognized in the fields of science and engineering,
explain the relationship between the aquifer and the stream, and discusses the
technical methods available to determine the impact of pumpage on streamflow. In
Chapter 3, attention is turned to the recent opinion of the Arizona Supreme Court
which attempts to define the hydrologic relationship between aquifers, pumping wells,
and streams while simultaneously recognizing existing legal precedent and private
property rights.! Here, the relationship between the legal concept of subflow and the
technical means which may be employed to identify and delineate its extent are
considered in detail. The alternative technical methods are compared to applicable
provisions in the opinion, extracting from the mandate issued by the Court key criteria
upon which to base a workable definition of the concept of appropriable subflow. By
workable, DWR stresses that the definition must be a uniform standard which can be

applied throughout the watershed. It should also be applicable across the entire Gila

River system.

In Chapter 4, DWR describes an entirely new proposal for delineating the
subflow of the surface stream that we believe is compatible with even the strictest

interpretation of the opinion. In order to exclude tributary aquifers from the definition

'In re the General Adjudication of All Rights to Use Water in The Gila River System and
Source, __ Ariz. __, 857 P.2d 1236 (Filed July 27, 1993).



of subflow, particular attention is paid to the direction of flow of the underground
water. The hydraulic connection between the percolating groundwater and the surface
flow, if any, is also stressed as a primary factor in the determination. The method
requires that each major adjudication watershed should be examined independently,
because the specific geology, topography and cultural diversity of each region controls
the hydrologic analysis. Examples include Aravaipa Canyon, where hard rock
boundaries greatly reduce the existence of subflow under the specified criteria. In
contrast, in the Palominas area of the San Pedro watershed, cultural activities have
altered the natural elevation and flow direction of the underground water, increasing

the existence of subflow.

Chapter 5 is a proposed plan of implementation for the criteria established in
Chapter 4. This plan shows, by example, how the criteria will actually work in the
study reaches of the San Pedro River watershed. The reader is cautioned that these
examples are not a final analysis and may be subject to change when the final
hydrographic survey reports (HSR) are produced. Nevertheless, every effort has been
made to complete the examples in a manner which will accurately demonstrate the true

nature of the criteria.

Chapter 6 is a summary of the report and DWR'’s conclusions regarding the
merits of alternative methods of identifying and delineating subflow. The final portion
of DWR's analysis consists of appendices, which supply substantial background
materials supporting the conclusions drawn in the text. Persons evaluating this report
are encouraged to examine the underlying data and compare it and the models

generated from it with their own information sources.

The intent of this report is to assist in finding a means to uphold the letter and
spirit of the Arizona Supreme Court’s recent opinion on the definition of subflow, while
at the same time applying sound principles of hydrology. This is a difficult task, as it
attempts to draw a fixed, cultural line through a dynamic, natural system. The
alternative criteria proposed in this report are all reasonable methods by which to make
this important determination, ranging from the most rigorous scientific methods, to the
simpler geographic methods, to the method proposed by DWR which seeks the least

controversial path through the various provisions of the Supreme Court’s ruling.



In the final analysis, however, the determination that a well is "more closely
associated with the stream than with the surrounding alluvium" or that the well
"directly and appreciably" affects the stream will always involve the exercise of
judgment. That judgment must be left either to the courts or the legislature for final

resolution.






CHAPTER 2: BASIC HYDROLOGIC PRINCIPLES

Hydrology is the study of the properties of water. It is a multi-disciplined
science encompassing physics, chemistry, geology, geography and climatology. Like
most sciences, the study of hydrology depends upon the acceptance of certain
immutable principles. From these principles, theories and equations can be derived to

predict, intuitively and mathematically, the course of water in motion.

This chapter reviews the hydrologic principles necessary to understand the
relationship between water percolating through the earth and water moving with a
stream. These concepts include: the types of surface water found in the West, the
types of aquifers found in the West, the dynamic interaction of groundwater and
surface water near the streambed, and the mathematical concepts, some derived over a

century ago, which explain this relationship in mathematical terms.

2.1 HYDROLOGIC OVERVIEW

The alluvial basins of the arid West are integrated hydrologic systems composed
of surface water and groundwater components. Water in these systems flows from
areas of high elevation to areas of lower elevation along a path of greatest slope under
the influence of gravity. Major perennial or intermittent streams occur in the central
portion of the alluvial basin, occupying the lowest areas of the basin floor, flowing
along the slope of the basin. The perennial or intermittent stream is typically
surrounded by younger alluvium. Surface flow in the stream is derived from runoff
from precipitation and groundwater discharge. Groundwater flows in unconsolidated
and consolidated aquifers from the mountain fronts at the margins of the basin toward
the center, occupied by the younger alluvium and the stream. Upon nearing the center
of the basin in the vicinity of the younger alluvium, groundwater flows under the

influence of the basin slope, in the same direction as the stream.



The physical character of groundwater and surface water in the vicinity of the
younger alluvium is often identical. Surface water and groundwater in this area occupy
the same geologic space and flow in the same direction along the slope of the basin.
There is free interaction between groundwater and surface water; groundwater in the
younger alluvium contributes to the surface flow and the surface flow recharges the
younger alluvium. Distinguishing between groundwater and surface water in the
vicinity of the younger alluvium in hydrologic terms to derive a legal standard is

problematic and a byproduct of Arizona’s bifurcated legal system.



2.2 STREAM TYPES

Surface water streams fall into one of three types: perennial, intermittent, or
ephemeral. The type of stream is indicative of the extent of groundwater/surface water
interactions taking place. Where streams have transitioned from perennial to
intermittent or ephemeral since groundwater development began, pumpage has altered
the aquifer-stream relationship. PLATE 1 shows the distribution of perennial and

intermittent streams in the Gila River system.

Perennial streams discharge water continuously throughout the year. Their
source of supply is normally comprised of both direct runoff from precipitation events
or snowmelt, and baseflow derived from the discharge of groundwater into the stream.
Gains to the stream occur when the water table in the adjacent aquifer is at or above
the water level in the stream. Losses occur when the water table falls below the water
level in the stream and the direction of seepage reverses. The stream begins to
recharge the river aquifer. It is not uncommon for a perennial stream flowing under
baseflow conditions to have both gaining and losing reaches, as shown by Figure 2-1.
The gaining reaches represent areas where the amount of groundwater discharging into
the stream is greater than natural losses and cultural diversions. Losing reaches are the
areas where natural losses and cultural diversions are greater than groundwater
discharge entering the stream. Where losing reaches are long enough to consume all of

the baseflow, perennial stream conditions cease.

Intermittent streams discharge water for long periods of time, but seasonally.
For example, an intermittent stream may flow all winter, every winter, but never flow
continuously during the summer. During seasons when baseflow is maintained,
groundwater is contributing to the stream. During seasons of discontinuous
streamflow, natural and cultural losses may be greater than the contribution from
groundwater, resulting in a losing stream. Or, the amount of groundwater discharge
itself may have decreased due to natural or cultural uses. Figure 2-2 shows a typical
seasonal cycle for intermittent streams interconnected with aquifers. During some
seasons intermittent streams may be gaining streams, and during other seasons they
may be losing streams. During seasons when there is no baseflow, intermittent

streams may nevertheless retain an active groundwater subflow component where the
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Figure 2-1. Perennial reaches and their relationship to the water table.
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Figure 2-2. Intermittent reaches and their relationship to the water table.




water table lies only a short distance below the streambed. Under these conditions a

vigorous habitat of riparian vegetation is often present.

Ephemeral streams discharge water only in response to precipitation events or
snowmelt, and do not have a baseflow component at any time of the year; they flow
only sporadically. The groundwater system and surface water system do not establish
a hydraulic connection in these systems. Therefore, ephemeral streams are always

losing streams in relation to the groundwater system.



2.3 AQUIFER TYPES

Aquifers are saturated geologic units that can transmit significant quantities of
water under ordinary hydraulic gradients (Freeze and Cherry, 1979). There are three
types of aquifers identified in this study: younger alluvium, tributary aquifers, and
nontributary aquifers. While these aquifers are distinct hydrogeologic units, they are
interrelated parts of the dynamic groundwater system. The distribution of these

aquifers in the Gila River system is shown in PLATE 2.

YOUNGER ALLUVIUM

In the Gila River system, younger alluvium aquifers are unconsolidated sand and
gravel deposited within the channel course of perennial or intermittent streams by the
stream itself (ADWR, 1991). Groundwater in the younger alluvium is derived in large
part directly from the stream system. The hydraulic gradients and groundwater flow
directions are similar to the associated surface water stream. The groundwater table

elevation in the younger alluvium is at or near the surface elevation of the stream.

The younger alluvium is a relatively thin aquifer. In the San Pedro river
watershed, the younger alluvium ranges from approximately 10 to 200 feet thick.
Also, the younger alluvium occupies only very narrow portions of the alluvial basins
within the Gila River system. For example, in the San Pedro River watershed, the
younger alluvium is approximately 500 to 7,000 feet wide. The distribution of the

younger alluvium in the Gila River system is shown in PLATE 2.

The younger alluvium occurs within, and defines, the channel of perennial and
intermittent streams in the Gila River system. It underlies and laterally bounds the
associated stream and is a hydrogeologic feature of the stream. The material that
comprises the younger alluvium was deposited by the stream in the recent geologic
past. For example, as a stream flows across a surface, it scours a channel. The
geometry of the channel is governed by the external and internal influences at work on
the stream. The external influences include: climate, geology and tectonics, and base
level. The internal influences are geographic. As the stream scours the channel, it

carries the material scoured from the channel in the flow as bedload. The stream
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deposits its bedload material in the channel. This material is called alluvium. The
texture and thickness of the alluvium is governed by the ability of the stream to move

the source material.

Conceptually, the stream builds its channel through scouring and fills it by
deposition, thus creating the younger alluvium. Throughout geologic time, river
systems have complex scouring and depositional histories as a result of the external
and internal forces at work within the system (Schumm, 1981). The river attempts to
reach equilibrium with the external and internal influences at work on the system
through scouring and deposition processes (Schumm, 1981). These processes proceed

at a geologic pace and are continuing today, defining the younger alluvium.

TRIBUTARY AQUIFERS

Tributary aquifers occur between impermeable mountain fronts and younger
alluvium. They receive water from mountain front recharge and infiltration from runoff.
The aquifers are in direct hydraulic connection with younger alluvium and transmit
water to younger alluvium. The tributary aquifers normally have hydraulic gradients
distinct from the hydraulic gradient of surface water streams and have flow directions
toward surface water streams unless altered by well pumping. The groundwater table
elevations of the tributary aquifers are above the surface elevation of the dynamic
channel of the surface stream. Typically, tributary aquifers cover large areas and are
relatively thick, ranging from 500 to over 2000 feet thick. The tributary aquifers may

contain confined zones due to impermeable clay or shale formations within the aquifer.

There are two general types of tributary aquifers: basin fill aquifers and
consolidated aquifers. The basin fill tributary aquifers are composed of unconsolidated
to semi-consolidated basin fill deposits of sand, gravel and clay zones. These aquifers
are common in the large alluvial basins of the central and southern portion of the Gila
River system. The consolidated tributary aquifers are composed of consolidated
sedimentary and volcanic rocks. These aquifers are common in the northern and
eastern portion of the Gila River system. The distribution of tributary aquifers is shown
in PLATE 2.

11



NONTRIBUTARY AQUIFERS

Nontributary aquifers are located in isolated groundwater basins surrounded
almost entirely by impermeable hardrock with relatively narrow connections to other
groundwater basins and aquifers. Nontributary aquifers have no hydraulic connection
with either the younger alluvium or tributary aquifers. Any stream overlying a
nontributary aquifer is ephemeral. These aquifers are composed of unconsolidated to
consolidated alluvium, sedimentary, or volcanic rocks. The distribution of these

aquifers in the Gila River system is also shown in PLATE 2.

AQUIFER FLOW CHARACTERISTICS

Aquifers are more than just reservoirs of groundwater. They are dynamic
systems that receive inflows of groundwater, transmit groundwater and, in some
cases, discharge groundwater to surface streams (Figure 2-3). The inflow of water
recharge occurs from the infiltration along mountain fronts and stream channels, and
from infiltration of excess water from cultural uses. Aquifers that border high moun-
tains normally receive significant mountain front recharge and recharge from
streamflow infiltration. Aquifers that underlie large areas of agricultural irrigation

experience significant recharge incidental to the irrigation practices.

Groundwater in transit will eventually discharge to a stream if not first
withdrawn by natural (plant life) or cultural uses (pumpage from wells). The amount of
groundwater discharged is equal to the amount of recharge to the aquifer minus the
amount of withdrawal. If groundwater withdrawals are greater than recharge, then
groundwater discharged from the aquifer gradually decreases. The difference between
recharge and withdrawal is supplied from groundwater stored in the aquifer. This
situation, known as groundwater overdraft, results in a decline of water table

elevations.

12
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Figure 2-3. Generalized cross-section of aquifers systems.
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2.4 GROUNDWATER/SURFACE WATER INTERACTIONS

Groundwater/surface water interactions occur where groundwater is in direct
hydraulic connection with a surface water stream. This occurs wherever perennial or
intermittent streams are surrounded by younger alluvium. PLATE 3 shows areas of

groundwater/surface water interaction in the Gila River system.

There are four types of groundwater/surface water interactions in the Gila River
system: alluvial valley streams, alluvial valley streams with confined zones, bedrock

canyon streams, and mountain front streams.

ALLUVIAL VALLEY STREAMS

Alluvial valley streams are perennial or intermittent streams that flow in alluvial
basins and are underlain and bounded by younger alluvium. The alluvial basin is a
structural trough filled with unconsolidated sediments derived from the adjacent
mountains. These unconsolidated sediments are generally referred to as basin fill
deposits (Anderson, and Johnson, 1985). The perennial or intermittent stream
commonly occupies a narrow inner valley, composed of younger alluvium, which

includes the dynamic channel of the stream.

A generalized cross-section of an alluvial valley stream segment is shown in
Figure 2-4a. As depicted in this figure, the younger alluvium and perennial stream
occupy the inner valley. Groundwater in the younger alluvium is in direct hydraulic
connection with the stream. The hydraulic gradient and flow direction of the stream
and groundwater are the same. Groundwater table elevations in the younger alluvium
are similar to the dynamic channel of the stream. The unconsolidated tributary aquifer
is in hydraulic connection with the younger alluvium, but the hydraulic gradient and
flow direction are not with the stream. The groundwater table elevations in the

tributary aquifers are well above the elevation of the dynamic channel of the stream.

The overall groundwater system within alluvial valley stream segments has two
broad components: groundwater flowing toward the stream system, and groundwater
flowing with the stream system. The groundwater flowing toward the stream occurs in

the tributary aquifer. Groundwater in the younger alluvium generally flows in the same
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Figure 2-4a. Generalized cross-section of alluvial valley stream segments.
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direction as the stream. Groundwater in the younger alluvium is derived predominantly
from the overlying stream but, to a lesser degree, also from the adjacent tributary

aquifer.

ALLUVIAL VALLEY STREAMS WITH CONFINED ZONES

Alluvial valley stream systems sometimes contain tributary aquifers with
underlying confined zones. The confining layers in the tributary aquifer are composed
of impermeable silt and clay (Anderson, and Johnson, 1985). The confining layers
prevent vertical movement of water from the underlying tributary aquifer to the
overlying younger alluvium in particular locations (Figure 2-4b), thus interrupting direct
hydraulic connection between the two aquifers. It must be noted, however, that these
situations occur only occasionally; whether a particular well withdraws water only from

a confined zone should be determined on a well by well basis.

BEDROCK CANYON STREAMS

Bedrock canyon streams are perennial or intermittent streams located in canyons
bounded by consolidated tributary aquifers or impermeable bedrock. A typical stream is
shown in Figure 2-5. These streams occupy a narrow portion of the canyon floor,
underlain and bounded by younger alluvium. 'The younger alluvium is narrow,

surrounded by consolidated tributary aquifers or impermeable bedrock.

Groundwater in the younger alluvium is derived from the surface stream, and
flows in the direction of the surface stream. The hydraulic gradient, flow direction, and
groundwater table elevation are the same as the stream. Typically, hydraulic
connection between the younger alluvium and consolidated tributary aquifers is limited

to areas of faults and fractures.
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Figure 2-4b. Generalized cross-section of alluvial valley streams with confined zones.
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Figure 2-5. Generalized cross-section of bedrock stream segments.
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MOUNTAIN FRONT STREAMS

Mountain front streams are stream segments in transition from bedrock canyons
to alluvial basins, as illustrated in Figure 2-6. The streams are perennial or intermittent
and are underlain and bounded by younger alluvium. Many streams make a transition
from bedrock canyon streams, with narrow younger alluvium bounded by hard rock, to
alluvial valley streams with younger alluvium bounded by tributary aquifers. The
younger alluvium is in hydraulic connection with the stream as it enters the alluvial
basin, but the younger alluvium and consequently the overlying stream begin to lose
water to the underlying tributary aquifer when the stream enters the alluvial basin. As
the stream begins to lose water to infiltration, it transitions from a perennial or
intermittent stream to an ephemeral stream. The point at which the river becomes
ephemeral is the point at which groundwater/surface water interaction ceases.

Subflow becomes nonexistent.
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2.5 GENERAL GROUNDWATER CONCEPTS

The concepts necessary to evaluate groundwater/surface water interaction are
summarized by the description of various aquifer and stream types, noted above. To
put these concepts in practice, however, a mathematical approach must be devised to
accurately predict the flow of water to and from the stream. Without simplifying
formulae, the study of groundwater/surface water interaction would be hopelessly
stymied by difficult, if not impossible, field measurements of the motion of water

concealed beneath the surface of the earth.

This section focuses on three fundamental aspects of predicting the motion of
underground water: Darcy’s Law, primary groundwater variables, and the analysis of

pumped wells.

DARCY’'S LAW

The quantitative science of groundwater hydrology lies in the empirical equation

derived by Henry Darcy in 1856 (Freeze and Cherry, 1979). Darcy’s Law can be

expressedas: Q = —Ki A
where Q = groundwater discharge (units of volume/time),
K = hydraulic conductivity (units of length/time),

[ = hydraulic gradient (units of length/elevation),

A = area in units of length squared.

Darcy’s Law expresses groundwater discharge as a function of the aquifer
material (hydraulic conductivity), the surface area of the aquifer (area), and the slope of
the water table (hydraulic gradient). All quantitative groundwater equations are
derivations of Darcy’s Law; all include time and volume as the primary factors (Freeze
and Cherry, 1979; Bower, 1978; Chow, 1964; and Hubbert, 1940).
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PRIMARY GROUNDWATER VARIABLES

Darcy’s Law illustrates the primary groundwater variables that influence
groundwater movement: hydraulic conductivity, hydraulic gradient, and surface area.
Hydraulic conductivity is a function of the aquifer material and fluid, while the hydraulic
gradient is a function of change in hydraulic head. Hydraulic head is the height of
groundwater above a fixed reference point, typically sea level (Hubbert, 1940).

Hubbert showed that groundwater, in simple systems, flows from areas of high
hydraulic head to areas of low hydraulic head under the influence of gravity. In other
words, the direction of groundwater flow can be determined from groundwater table

elevations.

To determine the direction of groundwater flow, the groundwater gradient is
determined from groundwater table elevations. Figure 2-7 illustrates the relationship
between groundwater table elevation, gradient, and groundwater flow, in three
dimensions. The first step in determining groundwater gradient is to draw lines of
equal groundwater table elevation (groundwater elevation contours). If the horizontal
distance between groundwater elevation contours is 10,000 ft. and the contour interval
is 250 ft. then the groundwater gradient is 250/10,000 = 0.025. As shown by
Hubbert (1940), the direction of groundwater flow is always perpendicular to the
groundwater table elevation contours. The groundwater flow lines in Figure 2-7 show
the groundwater flow direction in response to the groundwater gradient. These flow
lines thus show only the direction of flow, not the quantity of water moving in any

given direction.

Any calculation attempting to quantify the interrelationship between pumped
wells, aquifers, and streams will require quantification of aquifer characteristics. The
aquifer characteristics derived from hydraulic conductivity are transmissivity and
storage coefficient (Hubbert, 1956). Transmissivity is the measure of an aquifer’s
ability to transmit water from one location to another. It is often expressed in units of
ft 2/day. It represents the flow in the aquifer through its entire saturated thickness, but
only for a one-foot wide segment. The storage coefficient is a measure of an aquifer’s
ability to store water within the aquifer material. It represents the volume of water that

can be removed from an aquifer by pumping, compared to the volume of the aquifer
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itself. For example 10 cubic feet of aquifer material that has a storage coefficient of

0.15 would yield 1.5 cubic feet of water if fully drained by a pumping well.

The value that is assigned to transmissivity and storage coefficient is related to
the type of aquifer material. Coarse grained aquifer materials such as sand and gravel
have high transmissivity and storage coefficient values. Finer grained alluvium, such as
silt and clay, have lower values. Consolidated rock aquifers also tend to have low

primary transmissivity values.

PUMPED WELLS

When a well is pumped, water is initially removed from aquifer storage in the
vicinity of the well. This creates a cone of depression in the aquifer around the well
which, in turn, causes groundwater to move toward the well. The determination of the
radius and depth of the cone of depression requires an analysis of time and volume.
The cone of depression will vary with the transmissivity and storage coefficient of the
aquifer, the pumping rate, and the total time of pumping of the well. If a well is
pumped long enough, the cone of depression will expand outward to intercept the
recharge or discharge area of the aquifer. There, increased recharge may be induced or
the natural discharge may be reduced by the quantity of water necessary to

continuously supply the well.

A pumping well may interfere with the stream in one of two ways. Direct
interference occurs when a well is located near a stream. The pumping well drains
water from the aquifer that is hydraulically connected to the surface stream and
flowing with the stream. The pumping well creates a cone of depression that
intercepts the streambed and directly induces surface water to enter the well (Figure 2-
8a) (Oregon Water Resources Department, internal memorandum, April 24, 1987).
Indirect interference occurs when a well is located further from the stream and the
cone of depression of the pumped well does not intercept the stream, but the natural
hydraulic gradient toward the stream is reduced, thereby reducing the amount of

groundwater discharge from the aquifer to the stream (Figure 2-8b).
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Figure 2-8a, 8b. Direct and indirect effect on streams from well pumpage.
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The effects of a pumping well on the stream are often delayed. In cases of
indirect interference, the withdrawal reduces the hydraulic gradient of the tributary
aquifer to the younger alluvium. It takes a certain amount of time for the gradient to
return to equilibrium, notwithstanding the fact that pumping has already ceased. Even
for direct interference circumstances, it takes a period of time for the effect of an
expanding cone of depression to be felt at the streambed. For certain streams, such as
the San Pedro River for example, both direct and indirect interference can occur over
the same stream reach. These delayed effects would greatly complicate attempts to
regulate well pumpage to achieve a certain rate or volume of streamflow, unless the
regulatory formula included a fairly significant factor of time in defining an acceptable

amount of depletion.
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2.6 PRACTICAL APPLICATION OF GROUNDWATER/SURFACE WATER
INTERACTIONS
With the foregoing principles, it is now possible to discuss the methods used to
predict the extent of interaction of pumping wells on a nearby stream. There are four
general methods available: younger alluvium method, flow net methods, analytical
methods, and numerical methods. Each method requires specific data and assumptions
to be valid and each has its own limitations. The following discussion is only a general

description. A more detailed description is included in APPENDIX A.

YOUNGER ALLUVIUM METHOD

The younger alluvium method takes a general approach and does not attempt to
quantify the impact of groundwater withdrawals upon the surface water system. The
method is based on identifying aquifers that are hydrogeologically interrelated to a
perennial or intermittent stream. Cultural depletions from these aquifers readily impact
streamflow. In the alluvial valleys of the Gila River system, as opposed to other

watersheds in Arizona, the younger alluvium is such an aquifer.

The younger alluvium was created by the stream during the recent geologic past
and water is freely exchanged between the stream and the younger alluvium under
natural conditions. These exchanges reflect the gaining and losing reaches of streams
that result from seasonal changes in direct surface water runoff. Since the younger
alluvium represents the underground support for the stream, cultural withdrawals from
the younger alluvium deplete streamflow relatively rapidly. The younger alluvium
method is based upon delineating the surface expression of the younger alluvium, a
hydrogeologic feature that is readily identifiable on the ground in most locations. It is
not based on formulae or methods to calculate the impacts of withdrawals. Within the
delineated younger alluvium, withdrawals from wells are expected to have direct and

appreciable effect on streamflow.
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FLOW NET METHODS

A flow net is composed of lines of equal potential (groundwater contour lines)
and groundwater flow lines. The groundwater flow lines represent the path of
groundwater flowing in response to gravitational gradient. The area between
groundwater flow lines is known as a streamtube. The flow in the streamtube can be
calculated from Darcy’s Law if hydraulic conductivity is known. A flow net analysis
can be used to evaluate the flow direction and discharge in the younger alluvium and
tributary aquifer. The flow net will yield the geometry of the groundwater surface
which reflects the overall effect of wells on the system, at the instant of observation.
However, the flow net method cannot calculate the volume of stream depletion due to

a pumping well through time.

ANALYTICAL METHODS

Analytical methods are based upon differential equations derived from Darcy’s
Law and the Law of Conservation. In order to be valid, analytical methods require that
the natural system meet a set of restrictive assumptions. These assumptions are

shown in Table 2-1, and are know as Dupuit assumptions.

There are three specific analytical solutions commonly used in
groundwater/surface water interaction studies: The Theis solution (1941), the Glover
and Balmer solution (1954), and the Jenkins solution (1968). All these methods use
the assumptions shown in Table 2-1. Each shows that the depletion of streamflow due
to pumping wells is directly proportional to the duration of pumping and aquifer
transmissivity. Stream depletion is inversely proportional to the storage coefficient and

the squared distance from the well to the stream.

In 1935, C.V. Theis developed a formula to predict drawdown in pumping wells.
Six years later he became intrigued by the effect of pumping wells on nearby streams.
He adapted his formula to solve the question of how much impact by assuming that the
stream and its recharge to the aquifer, induced by the pumping well, could be simulated

by an imaginary or "image" well. Using the image well concept, he was able
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to predict the volume of water withdrawn from the stream by the pumping well and the

cone of depression of the pumping well.

TABLE 2-1

DUPUIT ASSUMPTIONS

DEVIATION FROM ALTERNATE SOLUTIONS

ASSUMPTIONS MAY CAUSE AVAILABLE FOR SMALL
ASSUMPTION SIGNIFICANT ERROR VIOLATIONS
Homogenous aquifer Y N
Isotropic aquifer Y Y
Aquifer of infinite lateral extent Y Y
Well fully penetrates aquifer Y Y
Aquifer has uniform saturated Y Y
thickness
Water has constant density and N N
velocity
Gravity field is uniform N N
Flow to the well is radial N N
Flow to the well is horizontal Y Y
Aquifer is bounded by Y Y
impermeable beds
Well diameter is zero
Pumpage from the well is Y
constant with time
Water removed from the aquifer Y Y
is instantaneously discharged
with a decline in head

To conduct image well analysis, Theis first used his 1935 formula to draw the
theoretical cone of depression of the pumping well, ignoring its effect on the stream.
He then placed the image well on the opposite side of the stream, the same distance
from the stream as the pumping well. To simulate recharge from the stream, he drew a
cone of depression for the image well the same size and shape as the theoretical cone
of depression for the pumping well. The image well cone of depression is drawn upside

down to simulate recharge (called a cone of impression). Theis determined the impact
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of the pumping well on the stream by subtracting the drawdown from the pumping well

from the recharge from the image well (Figure 2-9A, B, and C).

The Theis equation applied to streamflow is very cumbersome to solve and uses
the Dupuit assumptions. Therefore, Glover and Balmer (1954) simplified the solution to
the equation, but with the same assumptions as Theis. Because the solution to both
Theis and Glover and Balmer are steeped in higher mathematics, Jenkins (1968)
developed a graphical solution. The graphical solution was developed using the same

Dupuit assumptions.

Other hydrologists have developed modifications to these equations to solve
exceptions to the general case. These modifications include: a limiting outer boundary
to the aquifer (Glover, 1960); imperfect connection between the stream and aquifer
(Hantush, 1965); bends in the stream (Hantush, 1967); and tributary confluence with
the main stream (Glover, 1973). Glover (1973) presents a detailed discussion of the

computational aspects of the methods.
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Figure 2-9. Image well analysis: A. theoretical cone of
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depression and drawdown.
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NUMERICAL METHODS

Numerical methods are close approximations. Instead of solving differential
equations used to describe groundwater flow, the differential equations are transformed
into complex algebraic expressions. Digital computers are used to solve thousands of
simultaneous equations to solve the algebraic expressions. The solutions are derived
through an iterative method that solves the equation at points (nodes) on a grid or
mesh which approximates the study area. The iterative method calculates the desired
value (usually hydraulic head) at a point by trial and error, simultaneously solving the
algebraic expressions for the surrounding nodes. Because of the wide distribution of
points across a study area and the algebraic approximation of the differential equations,

the number of limiting assumptions is reduced in a numerical solution.

Numerical solutions can use finite element (element area specific) or finite
difference (node specific) techniques. Both techniques transform the general equation
that describes transient, non-idealized three dimensional flow into an algebraic
equation. The equation has the capacity to evaluate recharge and discharge points.
The USGS in their ModFlow computer model has the capacity to calculate the effect of
streams on the groundwater system (USGS, 1992). However, the river portion of the

model has several limiting assumptions.

EVALUATION OF METHODS

Table 2-2 outlines the advantages and disadvantages of the methods discussed

above.

The younger alluvium method is based on a hydrogeologic feature defined by
aerial photography and in the field, whose definition is not dependent on simplifying
assumptions. The method provides a well assessment, but does not provide an

estimate of the extent of impact from groundwater uses on the surface water stream.

The flow net method is also a general approach that can solve site specific and
regional cases. It is valid for all geologic conditions. The flow nets do not require
time/volume calculations and require limited site specific data. However, the flow net

analysis is based on static groundwater conditions and may require significant field data
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collection. The flow net does not provide a solution for the volume of streamflow
depleted by well pumping. It is also an instantaneous determination with results that

will inevitably change through time.

The analytical methods offer the most precise scientific solutions. However, the
solutions are site specific, and may not account for regional effects. They are limited
by many assumptions. These solutions do require extensive site specific field data, but

do not hold for all geological conditions.

The numerical methods provide regional solutions, but are only as accurate as
the available data. Therefore, they require large, high quality data sets. The models
generated must be calibrated effectively and can take years to produce. The models do

not function acceptably in all geologic conditions.
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2.7 CONCLUSION

The question of how a pumping well impacts the nearby stream is not a new
problem; hydrologists have been examining this problem since the proliferation of high
volume irrigation wells in the early 1930s. Over the past 60 years, many qualified
researchers have developed sophisticated methods to determine both how the direction
of flow is affected by the well and, more importantly, the quantity of that effect. Any
one of the methods detailed above could be used to identify wells impacting the
surface flow in the watersheds of the state. Each method is based upon established
hydrologic theory and years of practice and implementation. Each method, however,

contemplates some limiting assumption or arbitrary value within the analysis.

The Arizona Supreme Court, in defining the extent of appropriable subflow
within the Arizona system of water rights, has commented on the types of analysis
which may be employed to delineate subflow and determine the impact of pumping
wells on the stream. The analysis used to delineate subflow and the impact of
pumping wells on the stream is dependant upon the interpretation of the Supreme
Court’s opinion and the reader’s resolution of the many conflicting technical provisions
within the ruling. The purpose of the next chapter is to analyze the opinion in light of
the hydrologic methods that may be employed to delineate subflow and the impact of

wells on the stream.
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CHAPTER 3: TECHNICAL ASSESSMENT OF THE RECENT
ARIZONA SUPREME COURT OPINION ON SUBFLOW

Responsibility for imprecision in the identification of subflow has often been
attributed to Arizona’s bifurcated system of water law. In DWR's view, however, the
difficult problems associated with the identification of subflow arise primarily because
the legislature and courts have not specified the necessary arbitrary factors which
define its existence. In other states that have a unified water law system, in which
both groundwater and surface water are appropriable, there is still a need to establish
streamflow interference thresholds for the conjunctive management of groundwater
and surface water rights. States such as Colorado and New Mexico recognize that
wells located some distance from the stream have an effect. Those states use a time
based maximum interference test to identify which wells need to be actively
administered in the prior appropriation system. Oregon uses a distance based
approach, declaring wells within specified proximity to the stream to be within the law
of appropriation. Whether Arizona has a bifurcated or unified system of water law,
there still is the need to establish a test for identifying wells which significantly effect
streamflow. That test must of necessity incorporate some type of arbitrary factor

within its criteria.

The definition of subflow cannot be based simply on an examination of
underground hydrology. In the end, the legal parameters established by Arizona
statutes and court cases control the issue. Most significantly, the Arizona Supreme
Court has recently examined the conflicting positions of the various parties in the Gila
River Adjudication over the definition of subflow, and has issued an opinion intended to
give the trial court specific guidance on how to define this concept.? Any analysis of
the distinction between percolating groundwater and subsurface streamflow must
recognize the principles stated in the opinion, as they are the law of the State of

Arizona.

%In re the General Adjudication of All Rights to Use Water in the Gila River System and
Source, ___ Ariz. __, 857 P.2d 1236 (1993).



Some statements in the opinion embody a technical principal or standard that
would, in most circumstances, result in narrowing the delineation of subflow compared
to the 50%/90 day "brightline" rule set forth in the trial court’s order. Other
statements seem to require that the brightline be extended beyond the 50%/90 day
limit, essentially negating the narrowing guidelines. Virtually any position on the
definition of subflow can be supported by using selected phrases within the opinion
but, conversely, it is difficult to ascertain any one definition that fits all the technical

criteria offered.

The purpose of this chapter is to examine three alternative means for delineating
subflow in the context of the various provisions of the opinion, not to advance one
particular theory of the Court’s intent. The three approaches to be described include:
1) interference tests for determining subflow; 2) geographic tests for determining
subflow; and 3) flow net tests for determining subflow. The advantages and
disadvantages of each approach will be described along with statements or implications

in the opinion that appear to relate to each alternative method.

Before examining the three tests, however, an overview of the state of current
law is presented, to place the hydrologic view of subflow into perspective. Then, a
prerequisite test for the occurrence of subflow within Arizona is suggested, as an
absolutely vital part of any hydrologically based definition. Once the prerequisite test is
satisfied, DWR believes that any of the three approaches suggested in this chapter will

provide an acceptable basis for the delineation of subflow.
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3.1 OVERVIEW

In Arizona, the surface water statutes governing appropriable water only address
water flowing in natural channels. See A.R.S. § 45-141. No mention is made of
subflow, but in recognition that streamflow can be reduced by pumpage from wells
near streams, the concept of subflow developed in case law. The idea was that in
some areas there may be a subterranean component of the surface water stream where
water is interchangeable between the surface and subterranean parts of the stream. If
water is withdrawn from the subterranean component, then a corresponding amount
will be lost from the surface component. In the ideal, subflow can be visualized as just
another part of the stream that lies out of view below the surface. As part of the

stream, it also has distinct bed and banks which define its extent.

This ideal concept of subflow actually does exist in narrow bedrock canyon
streams where both the surface and subsurface components of the streams are
contained within hardrock boundaries. But as these bedrock canyons descend from the
mountains, the valleys become alluvial valleys between mountain ranges, where the
subterranean component of streams becomes unbounded. Wells in these larger valleys
still can be expected to have an effect on the surface flow, but as the distance
between the well and stream increases, the difference between the time when the well
is pumped and the time when the effect on the stream is noticed also increases.
Likewise, when the distance between the well and the stream increases, the amount of
water actually withdrawn from the stream decreases; the balance is made up from the

tributary groundwater system.

In these alluvial valley stream environments, the legal dilemma develops. On the
one hand, courts have a statutory duty to protect surface water rights against unlawful
interference, and it is apparent that the wells are interfering, at least to some extent.
But there is also the statutory responsibility to protect the users of the groundwater
resource. Wells located at some distance from the stream may have some small effect
on water flowing on the surface, but much of the water is coming from tributary
aquifers. At some point, the courts must decide how much interference with the

stream is acceptable, and how much is not.

38



The dilemma came to the Arizona Supreme Court when it decided Maricopa
County Municipal Water Conservation District No. One v. Southwest Cotton Co., 39
Ariz. 65, 4 P.2d 369 (1931). There, it was apparent that the Court wished to address
this problem by establishing subflow as a distinct and limited hydrologic entity;
essentially a subterranean water course with discernable bed and banks. The Court
described this concept by specifying general criteria which it thought would be
sufficient for technical implementation. Instead, it started a decades long tug-of-war
between the legal and technical communities on the issue. Arizona’s administration of
surface water rights has never yet, after 60 years, encompassed the concept of

subflow because the guidelines in Southwest Cotton were simply too vague.

In its most recent opinion on the definition of subflow, the Arizona Supreme
Court again relies on the proposition that subflow is a hydrologic concept which was
accepted in 1931, and incorporated into the law of Arizona by the Court when it
decided the case of Southwest Cotton.® In support of this premise, the Court
examines the work of Clesson S. Kinney in his treatise, The Law of Irrigation and Water
Rights (2d ed. 1912), the same treatise relied upon in the Southwest Cotton case.
Those portions of Kinney’s text quoted by the Court divide underground waters into
three classes: 1) Diffused percolation not tributary to any definite surface or
underground stream or body of water; 2) percolating waters tributary to surface water;
and 3) subterranean water courses. This latter category, subterranean water courses,
was further divided into known and unknown courses. Known courses were then
subdivided into underground water courses which are independent of a surface stream,
and those which are dependent, at least in part, on a surface supply. This final
subdivision, according to the Arizona Supreme Court’s current analysis, is the area

where subflow exists: the known subterranean water course which is dependent upon

a surface stream.

The Court makes clear that water in aquifers which are not known underground
water courses cannot be classified as subflow. This includes water which has left the
known subterranean course and percolated into a nearby aquifer, as well as water in a

nearby aquifer which is percolating toward the stream. The Court also makes clear its

3In re the General Adjudication of All Rights to Use Water in the Gila River System and
Source, __ Ariz. __,857 P.2d 1236 (1993).
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belief that these known subterranean courses are not as wide as the entire alluvial
valley, reaffirming the principle announced in Southwest Cotton that "subflow is found
within, or immediately adjacent to, the bed of the surface stream itself." 857 P.2d at
1245. The Court makes frequent reference to the definition of subflow found in

Southwest Cotton, which described it as follows:

The underflow, subflow, or undercurrent, as it is variously called,
of a surface stream may be defined as those waters which slowly find
their way through the sand and gravel constituting the bed of the stream,
or the lands under or immediately adjacent to the stream, and are
themselves a part of the surface stream.

857 P.2d at 1241, 1245 and Note 9.

In the San Pedro River watershed, like any similar watershed in the Gila River
system of perennial or intermittent flow, there is at least seasonal continuity between
the groundwater and surface water systems. Water flowing in headwater streams
percolates into the regional or tributary aquifer, then flows downgradient toward the
watershed drain, which is the main surface water channel. In making its journey
through the aquifer, the water takes a deliberate course governed by the gradient of the
water table, the transmissivity of the aquifer, and occasional obstructions in the
aquifer. As it approaches the stream, the water often enters material of increasing
permeability (the younger alluvium). In response to higher transmissivities, the aquifer
is able to transmit the same rate of flow with a shallower gradient. In the vicinity of
the stream, groundwater levels flatten and the water in the aquifer must either
discharge into the surface water stream or turn in the same general direction as the
stream. Thus, what originated as surface water high in the mountains became
groundwater, then eventually became surface water again, particularly if surface water
includes that subsurface flow moving in the younger alluvium, in close proximity to,

and in the same general direction as, the surface water stream.

But even where the water enters the younger alluvium or starts to flow in the
same general direction as the stream, it is not as though the water passed through a
door from one distinct hydrologic entity to another. Aquifers are not homogeneous in

their composition. Although the younger alluvium commonly contains material of
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relatively high transmissivity, it is not uncommon for certain areas of the tributary
aquifer to have higher transmissivity than certain areas of the younger alluvium. The
water is simply finding its way through an ever changing, but continuous, medium.
When it encounters the younger alluvium, it is just another change in transmissivity,

although perhaps a relatively large change.

But pumping wells can also change this scenario, further complicating the search
for a natural definition of subflow. Instead of the natural condition of water flowing
from the younger alluvium into the stream, a reversal of gradient can result from
extensive development. Water can be induced to flow from the stream into the
younger alluvium or even into the tributary aquifer with sufficiently large and lengthy
pumpage. In areas of high development, it is often difficult to tell what the natural
predevelopment direction of groundwater flow was. Thus, it is only possible to
determine the current condition configuration of aquifer elevations and gradient with

certainty.

The law appears to require that in alluvial valley streams, an artificially narrow
bed and banks be established for the underground flow so that subflow can be
approached as a distinct hydrologic entity. From a hydrologist’s viewpoint, however, it
is not possible to ascertain a distinct hydrologic entity unless artificial criteria are first
established. The technical perspective can tell which wells would derive 100% of their
withdrawal from the stream, and which wells would likely withdraw zero percent of
their withdrawal from the stream. It can tell what the flow characteristics of the
groundwater system are in near proximity to the stream, and what the underground
structure of the aquifer probably looks like. If reliable data on aquifer parameters is
available, it can even predict the amount of interference that any particular well would
have on the stream. But in a continuous hydraulic medium, without the existence of a
discrete hydrologic entity to represent the bed and banks of the subterranean stream
course, a technical perspective alone cannot answer where subflow exists and where it
does not. The definition of subflow must still come from parameters established by the
courts or legislature and must necessarily include decisions which later can be

characterized as arbitrary or unjustified.

A technical view of subflow in alluvial valley stream situations, then, is not a

physical distinction of the hydrologic system, but a certain threshold of interference
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with the stream. That threshold could be set at 100%. Or, it could be set at 0%
encompassing all wells that have even the slightest effect on the stream over the next
millennium. Extreme thresholds, of course, either underprotect or overprotect the
surface water supply, inducing the decision maker to seek a compromise between
these two extremes, such as 25%, or 50%, or 75%. But in selecting any threshold of
interference between zero and 100%, the factor of time must be introduced into the
criteria before any calculation can be made. Because water pumped from wells can be
derived from recharge, aquifer storage, direct streamflow withdrawal, or some
combination of these three sources, the amount of water actually derived from each
source varies with the length of time considered. In situations where the effects of the
pumping well have manifested themselves upon the stream, the longer the well is
pumped, the greater the percentage of water is obtained from the stream. Thus, in
order to state an absolute percentage, such as 50%, the relevant time period must be

specified.

If time is recognized as a necessary factor in determining the impact of the well,
two different types of interference thresholds may be attempted. First, the threshold
could be established as a brightline test, such as the trial court’s 50%/90 day rule,
where it was presumed that any well pumping 50% of its volume over a 90 day period
would be withdrawing subflow. Of course, the arbitrary limits could be changed to a
much more expansive criteria, such as 75% of volume pumped over 100 years, but
that would not change the nature of the test. A different method is to establish
interference thresholds by the maximum allowable depletion from the stream after a
certain duration of pumping, such as one acre-foot of depletion after 10 years of
pumping. Again, the arbitrary limits could be changed, but the nature of the test would
remain the same. Regardless of the type of test or the arbitrary limits of percentage or
volume that are chosen, all interference based tests for subflow must be based upon an

arbitrary time period.

There are other methods that establish the extent of subflow which are not
based upon volumetric or percentage thresholds of streamflow interference. For
example, subflow can be defined as a geographic zone on each side of the stream.
Within the zone, it is presumed that wells are capable of significantly reducing

streamflow. This can be done by simply specifying a certain distance outward from the
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stream as the furthest reach of subflow, such as 10 feet, 100 feet, or 1000 feet.
Another geographic means with a more technical basis is to define the zone of subflow
as the surface of the younger alluvium, which is typically the geologic unit most

commonly associated with the stream.

Still another type of test is an instantaneous determination of the zone of
subflow based upon the configuration of the aquifer in the vicinity of the stream. This
test establishes subflow as that part of the aquifer that has elevations and flow
direction more in common with the stream than with the tributary aquifer. All of these
methods have advantages and disadvantages. They all must contain arbitrary factors
in their criteria; but when the arbitrary factors are supplied, most of the imprecision is
removed and the hydrologist can predict which well will be withdrawing water from the

stream and, in most instances, how much.

Once it is recognized that the definition of subflow is not a hydrologic reality,
but a choice between competing methods of how to best analyze the effect of a
pumping well on a stream, the most appropriate method to distinguish wells having an
unwanted impact on the stream can be considered. First, however, there should be a
prerequisite test for hydraulic connection between the aquifer and the stream, to

eliminate wells which cannot, under modern circumstances, affect the surface flow.
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3.2 REQUIREMENT OF HYDRAULIC CONNECTION

In the early twentieth century, before widespread use of pumping wells began,
streams with active groundwater/surface water interactions were common in the Gila
River system, even in the lower desert valleys. After many decades of pumping, a
significant number of these groundwater/surface water interconnections have been
severed, and the streams in these locations have transitioned from perennial flow, with
associated riparian habitat, to ephemeral desert washes. It needs to be recognized,
however, that over these years groundwater that once was associated with these
streams has supplied many diverse water uses that could not have been supplied by
surface water alone. In most of these situations the amount of surface water lost by
severing the groundwater/surface water interconnection has been far less than the

amount of water supplied from the groundwater resource.

On streams where the groundwater/surface water connection has been lost, it
would not be practical or feasible to try to reestablish the connection because it would
require that a very large amount of water be restored to the groundwater system in
order to regain a relatively small surface water supply. For these reasons, DWR
suggests that the issue of determining the location of subflow in the general
adjudication be limited to those stream reaches where groundwater/surface water
interconnections currently exist. If this limitation is accepted by the Court, then the
initial step in any criteria adopted to delineate the location of subflow is to determine
the stream reaches where streamflow interference from pumping wells can physically

occur.

DWR suggests that two qualifying inquiries be made as a prerequisite test to
determine whether subflow can physically occur in the stream reach in question:
1) perennial or intermittent streamflow conditions must occur in the stream reach; and
2) the underground aquifer must at least seasonally establish hydraulic continuity with
the surface water stream. Unless these two conditions occur, pumpage from wells
adjacent to the stream will have no measurable effect on reducing the amount of water

flowing in the stream.

Furthermore, this prerequisite test can only be carried out using current data on

streamflow and groundwater level conditions. Although hydraulic continuity occurred
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in many areas of the Gila River system under predevelopment conditions, it is not
possible to recreate these predevelopment conditions for analysis. Therefore, only
areas where active groundwater/surface water interactions currently occur should be

examined for potential subflow.

If this prerequisite test is satisfied, the final definition of subflow rests upon

which type of test the courts choose to define the zone of appropriable subflow.
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3.3 INTERFERENCE TESTS FOR DETERMINING SUBFLOW

If a well near a stream is pumping water from an aquifer in direct hydraulic
connection with the stream, it may be assumed that the well is depleting the surface
flow by some measurable amount. As noted in Chapter 2 of this report, several
hydrologists have devoted considerable effort in perfecting mathematical approaches to
determine exactly how much water is being depleted. While all of these approaches
rely on certain fundamental assumptions to simplify the problem and make it workable,
application of the methods with sufficient data can produce reliable predictions of the
impact of pumping wells on the stream. The greatest uncertainty is the necessary
arbitrary limits upon which to draw the ultimate conclusion: is the amount of

interference acceptable?

There are two basic ways to apply interference tests. One is to derive a
"brightline" distance from the stream where wells are calculated to have a certain
percentage of impact. The second type of interference test determines actual impacts
of individual wells. The impact calculated from each well can then be compared
against an acceptable threshold of interference, such as no more than one acre-foot per

year of stream depletion after 10 years of continuous pumpage.

In the 1987-88 proceedings in this case, the trial court adopted a standard
where any well predicted to extract 50% of its total volume after 90 days of
continuous pumpage would be subject to the jurisdiction of the Court. The Arizona

Supreme Court, it its recent opinion, commented on this approach, as follows:

Likewise, the 50%/90 day "volume-time" test does not find its
origin in Southwest Cotton. Given enough time, and with certain
exceptions, all extractions from a tributary aquifer will cause a more-or-
less corresponding depletion from streamflow volume. That, indeed, is
the basis of the continuing controversy between groundwater pumpers
and surface appropriators. Southwest Cotton, however, did not purport
to identify subflow in terms of an acceptable amount of stream depletion
in a given period of time. It sought to identify subflow in terms of
whether the water at issue was part of the stream or was percolating
water on its way to or from the stream.

857 P.2d at 1245-46.
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On the other hand, the Supreme Court did not totally disapprove the volumetric
analysis of pumping wells on the stream. Immediately preceding the above quoted

paragraph, the Court stated:

Thus, if a well is drawing water from the bed of a stream, or from
the area immediately adjacent to a stream, and that water is more closely
related to the stream than to the surrounding alluvium, as determined by
appropriate criteria, the well is directly depleting the stream. If the extent
of depletion is measurable, it is appreciable. This is not an all-or-nothing
proposition. For example, if the cone of depression of a well has
expanded to the point that it intercepts a stream bed, it almost certainly
will be pumping subflow . . .. Even though only a part of its production
may be appropriable water, that well should be included in the general
adjudication.

/d. at 1245 (footnote omitted).

In DWR's opinion, the only way to predict whether the cone of depression in this
scenario will intercept the stream is to mathematically simulate pumpage from the well
over a specific period of time. Those mathematical simulations can only be performed
using one of the analytical or numeric modeling techniques described in Chapter 2. The
practical considerations regarding accurate data for these parameters and
representative aquifer conditions between the well and stream have been extensively
described in the 1987 groundwater hearing and reports, and in the Hydrographic
Survey Reports (HSR). In DWR'’s opinion, the time-based interference analytical
methods provide the most substantial scientific means to assess the impact of wells on
the stream and are the most frequently cited means in the literature and in other states’

procedures.

The advantages of the analytical interference test are its rigorous scientific basis,
and its ability to predict impacts from individual wells. Its disadvantages are its
extensive data requirements and the sensitivity of the results to the amount and
accuracy of the data. It also requires the specification of arbitrary time/volume or

time/depletion factors.

A revised interference test could be readily implemented by DWR for both the
San Pedro and Upper Salt River watersheds since the necessary aquifer data has

already been collected and analyzed in support of the 50%/90 day test that was
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performed in those two watershed HSRs. If an interference test threshold for individual
wells was adopted (certain maximum rate of annual depletion after a certain number of
years of pumping), then the analysis could be performed assuming that the quantity
pumped is based upon the quantification of the potential water right in the HSR or the
quantity assigned to the right by the Special Master. In either event, it would not
require an extensive resource investment by DWR to carry out this type of test within
these two watersheds. In future watersheds, however, DWR would require an
investment equivalent to that expended in the two current HSR watersheds to collect
and analyze the necessary data. DWR estimates that a revised interference test could
be implemented for the San Pedro River HSR within 4 months of a final determination

of the Court.
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3.4 GEOGRAPHIC TESTS FOR DETERMINING SUBFLOW

Geographic tests for determining subflow are not based upon a mathematical
calculation of streamflow interference. Instead, they are based on a presumption of
interference within a certain geographical distance from the stream. The distance
outward can be set by a single criterion applicable to all stream reaches, or the distance

can be set incorporating a technical factor on a reach-by-reach basis.

UNIFORM DISTANCE

This method has been used in other states’ general adjudications and by other
states’ water administration agency. These states, however, either have a unified

water code or have riparian law provisions. Some examples are listed below.

Scott River adjudication, California "Claimants listed in Schedule C are allotted that

amount of water, by subirrigation or by pumping from ground water interconnected
with the Scott River, reasonably required to irrigate the acreage shown opposite their
names. [Aldditional wells or sumps may be constructed to augment irrigation or to

replace subirrigation but must be located at least 500 feet from the Scott River . . . .

(emphasis added).

Oregon

The Oregon Water Resources Department (OWRD) has developed administrative
rules which established criteria for the determination of groundwater interference with
surface water (OWRD Administrative Rules - Chapter 690, Division 9). The following
describes the salient criteria to be used by the OWRD

1. Determine whether wells produce water from a confined or unconfined aquifer.
Determine if the aquifer is hydraulically connected to the surface water source.

3 All wells located a horizontal distance of less than one-fourth of a mile from a
surface water source that produce water from an unconfined aquifer shall be

assumed to be hydraulically connected to the surface water source.
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4, All wells that produce water from an aquifer that is determined to be
hydraulically connected to a surface water source shall be assumed to have the
potential to cause substantial interference with the surface water source, if:

A. the point of appropriation is a horizontal distance less than one-fourth mile
from the surface water source; or

B. the rate of appropriation is greater than 5 cubic feet per second, if the
point of appropriation is a horizontal distance less than one mile from the
surface water source; or

C. the rate of appropriation is greater than one percent of the pertinent
adopted minimum perennial streamflow or instream water right with a
senior priority, or of a discharge that is equalled or exceeded 80 percent
of the time, and if the point of diversion is a horizontal distance less than
one mile from the surface water source; or

D. the groundwater appropriation, if continued for a period of 30 days,
would result in stream depletion greater than 25% of the rate of
appropriation, if the point of diversion is a horizontal distance less than
one mile from the surface water source.

5. All wells that produce water from an aquifer that is not hydraulically connected
to a surface water source shall be assumed not to interfere with the surface

water source.

In Arizona, of course, there has been little discussion of uniform distances for
the definition of subflow, perhaps for two reasons. First, there is the Southwest
Cotton legacy of a known subterranean water course which militates against a simple
surface measurement for the subterranean flow. Second, the selection of an
appropriate distance is seen as a completely arbitrary product of judicial fiat. Thus, the
matter was not even discussed by the Arizona Supreme Court in its discussion of

subflow, and would likely draw considerable protest if adopted now.

Nevertheless, when viewed objectively, the uniform distance approach has much
to commend it. It is easily understood and easily administered. If the stream reach in
question is studied carefully before adoption of a specific distance, the unwanted

interference of wells can be kept to a minimum. The disadvantage is that wells just
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outside the arbitrary zone of appropriability can continue, or even proliferate, without

regard to any incidental surface water interference.

YOUNGER ALLUVIUM

In the alluvial valley streams of the Gila River system, the closest hydrologic
equivalent to the known subterranean water course is the geologic feature of the
younger alluvium. Typically, a hydrologist seeking to examine the effect of pumping
wells on a stream in these environments will begin the analysis with the examination of
wells inside the younger alluvium. Thus, it is not surprising that the trial court also
applied the 50%/90 day test to all wells found to be located within the younger

alluvium; it is a natural point of minimum beginning for the subflow analysis.

The Arizona Supreme Court commented on the trial court’s use of the younger

alluvium in its opinion, stating:

The record shows, however, that in a given area the younger
alluvium may stretch from ridge line to ridge line so that all wells in the
valley would be in or near the younger alluvium. To say that all of an
alluvial valley’s wells may be pumping subflow is at odds with Southwest
Cotton’s statement that subflow is found within or immediately adjacent
to the stream bed.

857 P.2d at 1245. Likewise, the Court reiterated:

We believe the trial court’s 50%/90 day rule expands the clear
words of A.R.S. 8 45-141(A) to include not only waters flowing in
streams but, potentially, water pumped any place in the younger alluvium.

/d. at 1247. These statements, however, can be analyzed on two separate theories.

First, the record in the trial court is misleading to the extent that it shows that
younger alluvium can stretch from ridge line to ridge line. This is an extremely rare
occurrence in Arizona and on those few occasions where it does occur, the valley is
usually bounded by confining strata, making the subterranean water course and the

surface stream practically one in the same. The alluvial valley, on the other hand,
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stretches from ridge line to ridge line by definition. This may have been what the Court

had in mind, as it seems to use the terms interchangeably (see first quotation, above).

Secondly, a younger alluvium test would not automatically conclude that all
wells in the younger alluvium would be withdrawing subflow. As noted above, a
prerequisite to the occurrence of subflow is that there must be at least a periodic
hydraulic connection between surface water and groundwater systems. Without this
connection, the rate of infiltration through the bed and banks of a stream is not
affected by pumping wells, and therefore they have no measurable impact on the

surface flow.

Where there is a hydraulic connection between the water in the younger
alluvium and the water in the stream, it is a reasonable technical premise that wells
withdrawing water from the younger alluvium are having some impact on the surface

flow. As the Supreme Court noted:

As we stated above, it turns on whether the well is pumping water
that is more closely associated with the stream than with the surrounding
alluvium. For example, comparison of such characteristics as elevation,
gradient, and perhaps chemical makeup can be made. Flow direction can
be an indicator. If the water flows in the same general direction as the
stream, it is more likely related to the stream.

Id. at 1246.

Here the Court seems to imply that the younger alluvium would be an
appropriate test for subflow because the younger alluvium is, in fact, where
underground water becomes more closely related to the stream than to the adjacent
tributary aquifer in terms of elevation, gradient, and flow direction. Most hydrologists
would consider whether a well is located in the younger alluvium to be at least a usual

first step in assessing possible interference with the stream.

The advantages of the younger alluvium test are that it can be readily delineated
with reliability in most locations using stereoscopic aerial photography and field
verification. It does not depend upon the collection of a large amount of aquifer
parameter data to be applied accurately, and its delineation is not dependent upon the

effects of past or future development on aquifer gradients and elevations. It is based
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upon observed rather than calculated factors, thereby providing a method of

considerable certainty. Its disadvantages include the fact that it extends hundreds to

thousands of feet outward from the stream in some locations.

The younger alluvium has been defined and mapped by DWR in the San Pedro
and Upper Salt River watersheds. Maps of the younger alluvium have already been
generated as part of the Zone 1 analysis for these watersheds and as such are available
for immediate implementation of the test. Therefore, no additional costs to DWR or the
adjudication process would be necessary to implement this test. DWR believes that the
San Pedro River HSR could be revised to this standard 3 months after a decision by the
Court. Since the HSRs for these two watersheds contains an extensive explanation of
the methodology and presentation of results, the steps involved in implementing this
test are not repeated in this report. The interested reader is referred to either the San

Pedro or Upper Salt River HSRs for a detailed explanation.

It is DWR’s conclusion that a line drawn along those portions of the younger
alluvium in direct hydraulic connection with a perennial or intermittent stream is an
effective, well reasoned approach to the definition of subflow geography. The younger
alluvium, in DWR’s opinion, is the hydrogeologic feature which most closely represents
the subterranean water course of alluvial valley streams. It is a geologic unit of mostly
sand and gravel that was deposited by the stream itself in recent geologic time, and as
such, it is more closely associated with the stream history than to the history of the

tributary aquifer.
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3.5 FLOW NET METHODS FOR DETERMINING SUBFLOW

The foregoing sections of this chapter have described two recognized tests to
distinguish percolating groundwater from appropriable subflow: 1) time/volume
thresholds based on percentage of withdrawal or volumetric depletion; and 2)
geographic appropriability zones based on the younger alluvium or distance from the
stream. Despite their unique individual advantages, each has the similar disadvantage
of running contrary to some particular expression within the Arizona Supreme Court
opinion. Arguably, the Supreme Court was looking for a new test which would not

involve either time or the younger alluvium as a relevant standard.

In attempting to find a new test for appropfiability, DWR concluded that two
central themes appear to run throughout the Court’s opinion. First, the Court suggests
that subflow should be found relatively "close" to the stream or, in other words, that
subflow is a narrow concept. Secondly, the Court emphasizes that subflow of the
stream should move in the same general direction as the stream. In typical alluvial
valley streams, however, there is no natural boundary which fits this description, aside
from perhaps the younger alluvium. Therefore, DWR looked to methods based upon
elevations, gradients, and flow directions of the groundwater table to predict on the
land surface where the underground water turns and begins to flow more in the

direction of the stream rather than to or from it.

By delineating the configuration of the groundwater table, it is possible to create
a geographic appropriability zone within which a well would be presumed to be
withdrawing subflow. The basic model is an adaptation of a standard hydrological
technique called a flow net. DWR has modified the technique, however, to suit the
needs of this inquiry. Thus, the label "modified flow net analysis" will be used

throughout this report to describe this unique application.

The modified flow net analysis provides an instantaneous determination of the
direction of underground water based upon groundwater elevations and gradients. The
test relies on actual groundwater elevation data measured from wells. As a result, the
accuracy of the test is dependent upon the number of wells measured and the accuracy
of the measurements. Furthermore, if wells are measured immediately before the

model
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is prepared, the resulting flow net will simulate the most up to date conditions in the

aquifer.

The modified flow net analysis is a geometric solution which defines a discrete
underground hydrologic unit where water is moving more with the stream than to or
from it. The test does not determine the extent of impact of uses on the surface water
stream. In this regard, it fits well with the Supreme Court’s interpretation of

Southwest Cotton:

Southwest Cotton, however, did not purport to identify subflow in
terms of an acceptable amount of stream depletion in a given period of
time. It sought to identify subflow in terms of whether the water at issue
was part of the stream or was percolating water on its way to or from the
stream.

857 P.2d at 1245-46.

The advantages of the modified flow net method are that it defines an area of
the subterranean water course that is more closely related to the stream than to the
surrounding tributary aquifer. This requirement appears to be the central test in the
Supreme Court’s opinion, and appears to be the least controverted by other guidelines
in the opinion. Its disadvantages are that the boundaries of subflow established by this
test are highly influenced by the effects of past well development in the area and, if
periodically reviewed, will continue to change over time as pumpage continues. In
some areas the effects of past pumpage cause the boundaries of subflow determined
from this test to extend more than a mile outward from the stream, even extending

past the younger alluvium.

DWR believes it would need to measure as many wells as possible within
reasonable proximity to the stream to carry out this test. Furthermore, these
measurements would need to be made during a time of year that would reflect the best
determination of static water levels. DWR estimates that it would require
approximately 12 to 20 months from the time of the final order to implement this test
for the San Pedro and Upper Salt River watersheds depending upon the time of year

that the order is extended.
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Because the modified flow net analysis is a completely new approach to the
definition of subflow, it will receive a much more detailed explanation in the following
chapters of this report. Through the preparation of this test, DWR believes that it has
created a method which meets the prescription of the Supreme Court even under the

strictest of interpretations.
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CHAPTER 4: PROPOSED CRITERIA

The purpose of this chapter is to define geographic areas of appropriable subflow
using only the least controversial legal parameters of the Court’s opinion, as discussed
in Chapter 3. The method proposed within this chapter is unlike other hydrologic
methods in that it is an instantaneous determination. It is a modification of the flow
net analysis described in Chapter 2, and is hereafter referred to as the modified flow
net analysis. The modified flow net analysis uses only the geometry of the
subterranean water surface in relation to the surface stream elevation to determine flow
direction. It does not consider volume of flow or changes in the geometry which

inevitably occur with the passage of time.

This chapter describes the proposed method in general terms. A more detailed

explanation may be found in APPENDIX B.

4.1 PROPOSED CLASSIFICATION OF WELLS

As stated in Chapter 3, the Arizona Supreme Court has suggested several
requirements for determining the correct geographic locations of subflow. The Court
notes that the direction of flow can be an indicator of the geographic boundary defining
subflow as well as the elevation of the subterranean waters. The Court also notes that
the determination must define water which is more closely related to the stream than
to the surrounding aquifers. Utilizing these legal parameters as the primary directives
from the Court, DWR developed the modified flow net method around the following

assumptions.

1. For subflow to exist, there must be a hydraulic connection between the stream
and the subterranean waters. The stream must be either intermittent or
perennial and the subterranean waters must be at the same general elevation as

the stream.

57



The subterranean waters need to flow in the same general direction as the
stream and should have the same chemical makeup as the stream.

Time should not be a consideration in the technical determination of subflow
areas.

All wells located within the delineated areas will be considered to be pumping

subflow unless further proof is provided by the well owner(s).

DWR has utilized the baseline conclusions above to develop three necessary

procedures for determining the geographic extent of the subflow areas. The basic

steps of the model are outlined below. They are discussed in further detail in this

chapter and in APPENDIX B.

Determine areas where subflow may exist.

a. Determine that the stream is perennial or intermittent.

b. Determine that a hydraulic connection exists between the subterranean
water and the stream. The existence of saturated younger alluvium
would prove that a connection exists.

Determine that the subterranean water is more closely related to the stream than

the surrounding aquifers.

a. Determine the direction of the streamflow.
b. Determine the direction of the subterranean water flow.
cC. Determine that the subterranean water has a chemical composition which

is similar to that of the stream.

Utilize this information to chart zones of appropriable subflow.

AREAS WHERE SUBFLOW MAY EXIST

Chapter 2 provides a discussion of the characteristics which define perennial and

intermittent streams and identifies various areas within the Gila River watershed where

a hydraulic connection between the stream and the subterranean waters is known to

exist (PLATE 1). As the modified flow net analysis is applied within various

hydrographic survey reports (HSR), DWR will complete a detailed analysis of each
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stream reach to further refine the existing knowledge of where these areas of
interaction occur. Since the time variable is not a consideration in determining the
subflow areas, any stream reach which flows seasonally and establishes a connection

to a subterranean water course should be considered for a refined analysis by DWR.

SUBTERRANEAN WATER IN RELATION TO THE STREAM

The next step in this process is to determine if the subterranean water is more
closely related to the stream or to the surrounding aquifers. The Supreme Court has
stated that subterranean water is more closely related to the stream if it is of the same
gradient, flows in the same direction and is composed of a similar chemical makeup.
To begin a comparison between the subterranean waters and the stream, the criteria

which may be used to define the stream and its direction must be established.

Definition of the Stream

The Arizona Supreme Court has chosen to use the surface stream for a basis of
comparison in a definition of subflow. The stream is perceived to be a well known,
definable geographic feature due to the fact that it exists on the surface of the land and
can be easily observed. However, a discriminate description of the stream is difficult to
obtain due to its dynamic nature; any definition might vary depending on the date of
the observation. To begin a comparison, then, a strict definition of the stream is
required. Specifically, this should define relatively stable stream boundaries and their

location.

The stream reaches mentioned in Chapter 2, PLATE 1, which will be analyzed
based upon the requirements of the Supreme Court’s opinion, are composed of
channels that shift from side to side with moderate to high flow events. These flow
events are generally contained within "principal" or dynamic flood channel boundaries.
The principal channel boundary has been defined as a floodplain channel in which the
stream attempts to gain dynamic equilibrium (Graff, 1988). Low flow dynamic
channels work their way back and forth across a larger defined principal channel and,
given time, cut away at the channel banks on the outside of meanders. Furthermore,

large changes to the physical characteristics of the river can occur during flood flows
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when the force of larger volumes of water with large amounts of sediment load quickly
alter a channel’s dimensions. These changes, whether they happen slowly from normal
flows or quickly from extreme flood flows, may result in the movement of the principal
channel boundary. However, the establishment of this principal channel does
encompass most of the shifts in the streamflow. Furthermore, the principal channel is
discernable on aerial photography. Any additional analysis required by DWR to
determine the direction of streamflow can be made from the coordinates of the
midpoint of the banks and are readily computed through the use of DWR’s Geographic

Information System.

Direction of Streamflow

From a cursory glance, an analysis of the stream’s direction seems to be a
simple matter of obtaining the streamflow direction at a discrete point. But, although
the direction of the stream can be determined in this fashion, it does not mean that the
flow direction thus derived is readily comparable to that of the subterranean water.
Typically, subterranean water exists and flows though a volume of strata that is at
least an order of magnitude larger than the volume of space occupied by the stream. In
the San Pedro River for example, the area of the basin fill which contains subterranean
water is approximately 2,300 square miles while the principal channel of the streams
only occupies about nineteen square miles. Additionally, the depth of subterranean

water is not measured in feet, as for surface streams, but in hundreds of feet.

In contrast to the lingering, seemingly deliberate flow of the subterranean water,
the stream is responsive to more subtle forces, appearing to be oscillating wildly in
comparison to the meandering of the subterranean water. To adequately compare the
flow direction the "oscillations" of the stream will need smoothing. In other words, the
conditions which force the stream to "oscillate" will be filtered out, resulting in a flow
direction that would exist if the scale of observation were the same as for the
subterranean flow. A straight line approximation of the stream’s direction can be made
by eye but a more precise method is required. Since the coordinates of the stream are
essentially statistical data, a functional approximation of stream direction can be made.
One simple functional approximation often used to smooth statistical data, such as the

coordinates of a stream, is called the method of least-squares. A detailed explanation
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of the method of least-squares is found in APPENDIX B.

Implementation of the least-squares method results in a series of straight lines
which approximate the stream course but provide a reasonable direction line for a basis
of comparison to the subterranean water flow direction. Figure 4-1 shows a stream
course whose direction has been "filtered" through the method of least squares. The
filtered stream direction is shown by the straight lines within the dynamic channel

boundary.

Direction of Subterranean Water Flow

As discussed in Chapter 2, subterranean water flows in a direction which is
controlled by the gradient of the water table. The first step in determining the apparent
flow direction is to establish the current water level of the subterranean system. These
water levels define the hydraulic gradients which in turn control the flow direction.
Typically, hydraulic gradients are represented by lines of equal potential, in this case,

lines of equal elevation. Figure 4-2 displays the contour lines which represent points of

DYNAMIC CHANNEL

\ DIRECTION OF FLOW]
‘\/
>

Figure 4-1. Diagram of a dynamic stream channel showing the direction of
stream flow.
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equal elevation.

The Arizona Supreme Court specifies that the general direction of subflow
should be more with the direction of the stream than to or from the stream. Because
the flow direction of subterranean water is defined by the gradient of the water table,
an examination of the gradients will assist in yielding a technical determination which
meets the Court’s specification for subflow. Although a subterranean water table
comprises a complex surface, a simplified analysis can be executed by comparing the
subterranean water surface slope in two directions at any given point. Figure 4-2
displays an example of the relative magnitude, indicated by the size of the arrow, of the
slope in two directions at different locations on the water table surface. In this case,
the slope of the water table which is in a direction pointing perpendicular to the stream
(the perpendicular slope) can be compared with the slope which is in a direction parallel
with the stream (the parallel slope). The larger slope at each point exerts more control
on the flow direction than does the smaller slope. At some point, the slope of the
water table in the direction parallel to the stream will be equal to the slope which is
perpendicular to the stream. Figure 4-3 shows this relationship. From that point, the
flow of the subterranean water is more in the same direction of the stream than flowing
toward the stream. Figure 4-4 shows that past this equilibrium point, the slope of the
water table in the direction parallel to the stream is larger than the slope which is

perpendicular to the stream.

From another perspective, a line representing the flow direction defines this
progression in the slope change of the water table (Figure 4-5). The point at which the
slope changes from being predominately perpendicular to the stream to being
predominately parallel to the stream is the point where the flow line forms a 45 degree
angle to the direction of the stream. DWR concludes that this also provides the most

common-sense determination of where the water begins to flow more with the stream.

To define a line which delineates where subterranean water flows in the same
general direction as the stream, various flow direction lines can be tested to find the
point where the flow line turns to be within 45 degrees of the stream’s direction. A
simpler solution, however, is to find the point on a contour line where a tangent line
forms a 45 degree angle to the streamflow direction. This approach is illustrated in
Figure 4-6.
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Chemical Composition of the Subterranean Water

As an additional test to determine existence of subflow, the Arizona Supreme
Court has stated that the chemical makeup of the subterranean water can be analyzed
to see if it is similar to that of the stream. Knowledge of the chemical character of the
water is important in determining whether the dominant source of the subterranean

water is from the stream or tributary aquifers.

Although chemical sampling of some wells can prove useful, it is only valuable
as a validity check for general areas of appropriable subflow, not for the initial
determination of these areas. DWR intends to utilize the available data to sample the
chemical makeup of some wells, but sampling the chemical composition of the water
within every well is beyond the resources of a public funded discovery procedure.
Therefore, DWR must leave the testing of the chemical composition of specific wells up

to the individual well owner.

It should be noted that the similarity of chemical compounds from a well and a
surface stream does not always present clear and convincing proof that the two
samples were derived from the same water source. Metzger and Loeltz (1973) cite an
example of two wells, one having as its source the Colorado River and the other having
as its source mountain front recharge near Kingman, Arizona, where the chemical
composition of the water was very similar. On the other hand, these same authors
(Metzger and Loeltz, 1973), also state that while groundwater recharge is chemically
altered by several processes, the water generally retains some characteristics of the

water in the stream.
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4.2 AREAS OF APPROPRIABLE SUBFLOW

Implementing the criteria of the modified flow net analysis determines the
geographic location of the appropriable subflow zones. This area, called the accounting
surface, classifies wells located within to be pumping appropriable subflow. Although
the term accounting surface was derived from the United States Geologic Survey Open
File Report 93-405 (Wilson and Owen-Joyce, 1993), it is defined here as the boundary
of the subterranean water which is more closely related to the stream than to the
surrounding aquifers. Wells outside of the accounting surface, although they may be
pumping some water from the saturated stream alluvium, are not considered to be
pumping appropriable water. The detailed methodology used to actually delineate the

accounting surface is presented in APPENDIX B.
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4.3 MODEL REQUIREMENTS AND CONSIDERATIONS

A well by well determination of appropriability is not a viable solution when
using the modified flow net analysis. This model requires data from a broad area to be
statistically sound, while data from a single, isolated well has little plausibility within a
hydrologic determination. Because numerous wells must be sampled for the modified
flow net analysis, a geographic boundary between and around the sampled wells is
essentially drawn. At this point, the appropriability of all wells can be determined

based upon their location relative to this boundary.

The only well data required by the modified flow net analysis is static water level
elevation. This data is then used to construct the geometry of the subterranean water
surface. The exclusion of a time/volume test renders well data such as transmissivity
and storage coefficient useless. These parameters depend upon either time or volume
to be translated into a meaningful determination of groundwater/surface water
interaction. Modeling a subterranean water table surface is the only appropriate
approach when attempting to calculate an accounting surface while ignoring time and
volume parameters. The modified flow net method, by analyzing the magnitude of
subterranean water surface gradients, can determine the geographic location and extent

where appropriable subflow exists without a time or volume related variable.

To construct the geometry of the subterranean water surface, a wide segment
of the well population will initially need to be studied. Current water level information
from a large number of wells may need to be acquired through a direct measurement by
DWR. The quality and reliability of the data for each well will be ranked based on the
known hydrologic and geologic characteristics of the area. The lower quality data
would probably only be used in areas where the high quality data is sparse. DWR
expects that an extensive analysis will need to be completed for an entire watershed

before the accuracy of a modified flow net determination can be upheld.

Because this model utilizes well elevation data as the main input to predict the
flow characteristics of subterranean water, it produces an image of the subterranean
water surface as it exists at the time the well data was collected. The best input data
for the model will likely come through field measurements made by DWR.

Consequently, the accounting surface produced will reflect current conditions. Many of
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the data points may be derived from areas in which the shape of the water level

surface has been significantly altered through the course of development. An analysis
of the subterranean water surface prior to development, however, would require a large
amount of accurate water elevation data gathered before development occurred. Such
data simply does not exist. Furthermore, wells are generally constructed one at a time
through the course of development, and are usually pumped throughout that
development, making modeling an accounting surface based on pre-development
conditions virtually impossible. Areas which contain wells that have changed the
gradient of the water level surface of the saturated younger alluvium may be included
within the accounting surface whereas, in many such cases, the shape of the

predevelopment water level surface would have excluded some of these wells.

Once the modified flow net analysis has progressed to the point that the
movement of subterranean water in relation to the stream has been established, the
actual location and existence of the stream becomes immaterial for the sake of
modeling the accounting surface. Nevertheless, in some instances, the edge of the
accounting surface may actually be inside of the dynamic stream channel boundaries.
Because the purpose of the test is to find the subterranean water that is actually part
of the stream, however, the presumption can be made that the stream itself should be
within the accounting surface. For this reason, in situations when the modified flow
net analysis places the accounting surface inside of the dynamic channel boundary, the

accounting surface will be moved to the edge of the dynamic channel boundary.

The next chapter of this report will discuss the use of the modified flow net
analysis within the San Pedro River watershed and whether its use is appropriate for

the various geologic conditions found throughout the Gila River watershed.
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CHAPTER 5: EXAMPLES OF IMPLEMENTATION

As part of the court hearing on October 7, 1993, in re the General Adjudication
of All Rights to the Water in the Gila River System and Source, the Arizona Department
of Water Resources (DWR) was directed to determine if one criteria or multiple criteria
are needed for the delineation of subflow within the Gila River adjudication
proceedings. In addition, the Court directed DWR to limit any analysis based upon well

data to wells that are located within the San Pedro River watershed.

DWR's evaluation has found that the modified flow net method presented in
Chapter 4 of this report is an appropriate method for use throughout the watershed
with special consideration for each of the four groundwater/surface water system types
identified in Chapter 2. Data requirements of the proposed method and the special
considerations for these four groundwater/surface water system types will be
discussed in this chapter along with some examples for the system types that are

found within the San Pedro River watershed.

5.1 MODIFIED FLOW NET ANALYSIS DATA REQUIREMENTS

The modified flow net analysis is essentially an analysis of the surface of a
groundwater system, and the evaluation is most accurate when a large amount of
appropriate water level data is available to use in constructing this water surface.
Because the water levels in wells often change over time, the most appropriate well
data will consist of data which is collected at one point in time. In implementing this
model within future adjudication investigations, DWR will need to directly measure a

large number of wells to acquire an appropriate amount of water level data.

The well data used in the following examples was derived from the Groundwater
Site Inventory (GWSI) and the DWR well registration databases. This water level data
is not representative of a selective time frame, nor was the well elevation or location
data necessarily accurate, in many instances being derived from topographic maps

rather than being surveyed. For these reasons, the examples presented here should be
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considered for illustrative purposes only. An actual watershed wide analysis may result

in a different accounting surface for these areas.
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5.2 ALLUVIAL VALLEY STREAMS WITH CONFINED ZONES

The area chosen for this illustrative example includes a reach of the San Pedro
River beginning at Mammoth and ending at a point approximately 8 miles south of this
community. This portion of the San Pedro River is an intermittent stream that flows in
an alluvial basin. It is surrounded by the younger alluvium and underlain by a confined
aquifer. Wells in this area either draw water from the shallower younger alluvium or
from the deeper confined aquifer. The confined aquifer is located at a depth ranging
from 550 to 1370 feet below the land surface (Roeske and Werrell 1973). Due to
hydraulic pressure, this confined zone sometimes produces static water levels which
are similar to the water levels found in wells which draw from the younger alluvium

only.

This confined aquifer is not considered to have a direct hydraulic connection to
the stream and is therefore not an appropriable source of subflow. However, in two
dimensional space, portions of the confined aquifer will be considered within the
accounting surface. To utilize the modified flow net analysis in this area, wells which
were over 500 feet deep and located in or near the confined area as delineated by
USGS Open File Report 80-954 (Jones, 1980) were suspected of penetrating into the
confined zone and were not considered in the analysis. A list of wells which were used

in this analysis is included in APPENDIX C.

The accounting surface resulting from an analysis of this type will then pertain
only to wells which are pumping water from the younger alluvium and not the
underlying confined aquifer. However, when considering the actual wells which may
be pumping appropriable water, data on well depth does not define which wells are
clearly pumping from the confined zone. The casing of a deep well may be perforated
or broken at any elevation and can therefore be drawing water or a percentage of water
from the younger alluvium. DWR proposes that all wells located within the accounting
surface overlying a confined aquifer be considered to be pumping appropriable subflow.
Any individual well owner, however, should have the opportunity to have the well
designation changed by proving that the well is pumping water from the confined

aquifer.
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Other than removing wells with a depth of over 500 feet from the analysis,
development of the accounting surface in this area is as described in Chapter 4 and
APPENDIX B. A least-squares fit of the center of the stream channel yields three
direction lines from which to draw a 45 degree tangent to the contour lines (Figure 5-
1). The correlation coefficients of these lines moving downstream are -0.99, -0.97,
and -0.91. The average distance from the channel center to the edge of the
accounting surface is 845 feet on the east side and 864 feet on the west side of the
river. The accounting surface in some instances fell within the dynamic channel and
was extended to the edge of the dynamic channel. A chemical analysis of selected
wells was not conducted in this example solution. The accounting surface and

dynamic channel for this reach is shown in Figure 5-2.
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Figure 5-1. Contour, direction and 45 degree tangent lines demonstrating the modified flow net

analysis between Redington and Mammoth.
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The study area chosen for this example is a 3% mile long reach of the San Pedro
River which begins about 1% miles south of state highway 92 near Palominas. This
portion of the San Pedro River is composed of a perennial stream that flows in an
alluvial basin and is underlain and bounded by the younger alluvium. This area
encompasses a number of developed irrigation operations which have been supplied by

wells for many years.

Although portions of this reach are underlain by a discontinuous confined zone,
it is used here as an example of an alluvial valley stream without a confined layer. In
the Palominas area, the water resource located below the confined layer has not been
significantly developed as in other areas containing confined layers within the
watershed. Additionally, for the sake of illustrative purposes, existing well data is
abundant within this area, allowing DWR to define a preliminary accounting surface
without collecting field data. As demonstrated in the previous example, the modified
flow net analysis can easily handle the existence of confined zones underlying the river
aquifer if the location and depth of the confined layer is known. In the Palominas area,
the confined layer is located at a depth of about 200 feet below the land surface
(Roeske and Werrell, 1973). Wells located within or near the confined area as
delineated by United States Geological Survey (USGS) Open File Report 80-1192
(Konieczki, 1980) were discounted from the analysis. A list of wells which were used
in this analysis can be found in APPENDIX C.

Again, except for discounting wells over 200 feet deep from the analysis, the
development of the accounting surface follows the methodology explained in Chapter 4
and APPENDIX B. A least squares fit of the dynamic channel center line produced
three direction lines, with one special consideration. Due to the fact that the northern
portion of this reach contains numerous inflection points on a typical coordinate system
(with the east-west coordinate alternately increasing then decreasing in value) an
alternative coordinate system was used in evaluating this portion of the stream. This
involved simply rotating the north-south and east-west ordinates 45 degrees in a
clockwise direction. The correlation coefficients for the three segments, going

downstream, are 0.99, 0.94, and -0.98. Figure 5-3 shows the resulting direction and
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“4,4JV 1EeL VIl LIIE vwEesSL Siue. 11IS 1drge airrerence in aistance to tne accountng
surface demonstrates the fact that groundwater development on the west side of the
river has created a regional depression of the water table, flattening the gradient of the

subterranean water. The accounting surface for this reach is shown in Figure 5-4.
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The stream reach used here to illustrate the modified flow net analysis in a
bedrock stream is a 372 mile long section of Aravaipa Creek beginning near the end of
Aravaipa Canyon. This area consists of a narrow canyon floor containing domestic and
irrigation uses overlying the younger alluvium. The younger alluvium is itself bounded
on the sides and bottom by consolidated tributary aquifers or impermeable bedrock.
The hydraulic connection between the younger alluvium and any consolidated tributary
aquifers is limited to areas of faults and fractures. No wells in this area are known to

derive water from the tributary aquifers.

An analysis of the water levels in the wells in this area shows that subterranean
water elevation is nearly the same as the elevation of the stream. The flow direction is
also nearly the same as that of the stream. In this case, no further steps of the
modified flow net analysis need to be completed. The flow direction and elevation of
the subterranean water meets the test of being more with the stream when water
levels equal that of the stream. The line between subterranean water which is flowing
in the direction of the stream is truncated by the close proximity of the impermeable
bedrock. The accounting surface and the impermeable bedrock boundary are
consequentially the same. The accounting surface for this reach is shown on Figure 5-

5. The wells considered in this analysis are listed in APPENDIX C.
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No areas near mountain front streams have been developed within the San Pedro
River watershed, therefore no physical example of the modified flow net analysis can
be made within this report. In general terms, a mountain front stream is essentially a
bedrock canyon stream which transitions to an alluvial valley stream with a younger
alluvium. In many cases, the alluvial valley stream portion of a mountain front stream
is a losing reach which eventually transitions to an ephemeral stream, losing connection
with the subterranean water. When this happens, the losing reaches will produce an
inverted contour line, with the vertex of the contour pointing downstream rather than
upstream as in the previous examples. The modified flow net analysis can still be used
to find the 45 degree tangent to the contour line regardless of the contour lines

orientation up or down stream. An example of this type of analysis is shown in Figure

5-6.
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Figure 5-6. Example of how the modified flow net analysis can be used on



The perennial and intermittent stream reaches shown in Chapter 2, PLATE 1 all
fall within one or more of the categories mentioned above. The zone of appropriable
pumping or the accounting surface for each of these reaches can be computed by the
modified flow net analysis using the specific requirements of each stream type. Listed
below by stream reach classification are some of the perennial or intermittent streams
in the Gila River watershed which may contain subflow. This classification was based
upon the listed perennial or intermittent streams in Brown, Carmony, and Turner (1978)
and does not include some of the smaller stream reaches located away from developed
areas. PLATE 3 illustrates more precisely where the classified stream reaches are
located. These classification are subject to change as detailed hydrographic survey

report (HSR) investigations are completed in each watershed.

Alluvial Valley Streams

A. Upper Gila River
1. Duncan Valley to Gila Box segment
Calva to San Carlos Reservoir segment
Winkelman to Kelvin segment

Portions of San Francisco River

2
3
4
B, Portions of Blue River
6 Portions of Eagle Creek
7 Portions of Bonita Creek
8 San Carlos River near San Carlos Reservoir
9. Portion of (west) Ash Creek
10.  Portion of Mineral Creek
B. Lower Gila River
1 Confl. w. Salt River to Cotton Center
2 Yuma segment
3 Portion of Queen Creek
4 Salt River below Phoenix to confl. w/ Gila River

C. San Pedro River
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Babocomari River
Hot Springs Canyon
Aravaipa Creek - Aravaipa Valley segment

Aravaipa Creek - San Pedro River Valley segment

Salt River

NP DR WD =

Portions of Salt River and tributaries above confl. w/ Canyon Creek
Stewart Mtn Dam to Granite Reef segment

Portions of Cherry Creek

Pinal Creek

Tonto Creek - Gisela to Roosevelt Reservoir

Rye Creek

Deer Creek

Santa Cruz River

Nogales to Arivaca Junction

2. Tucson segment
3 Marana segment
4. Pantano Wash
5. Portion of Cienega Creek
Verde River

Portions of Verde River from Sullivan Lake to confl. w/ Salt River
2. Mint Wash
3 Portion of Oak Creek
6. Portion of Wet Beaver Creek
7. Portion of West Clear Creek
8. Portions of East Verde River

Alluvial Valley Streams with Confined Aquifers

A.

B.

Upper Gila River

1.

Safford Valley Segment

San Pedro River



- MR- A A AL LR REREE A TR A - LERL 4N A

C. Verde River

1. Clarkdale to below confl. w/ West Clear Creek segment
Bartlett Lake to confl. w/ Salt River segment
Granite Creek near confl. w/ Verde River segment
Lower portion of Oak Creek

Lower portion of Wet Beaver Creek

oo WM

Lower portion of West Clear Creek

Bedrock Canyon Streams

A. Upper Gila River

1. Gila Box segment
2. San Carlos Reservoir to Winkelman segment
3. Kelvin to Ashurst Hayden Dam segment
4, Major portions of San Francisco River
5. Major portions of Blue River
6. Major portions of Eagle Creek
7. Portion of Bonita Creek
8. Portions of (west) Ash Creek
9. Devils Canyon
10. Matilda Wash
B. Lower Gila River
1. Cave Creek
2 New River
3. Upper portions of Hassayampa River
4. Portion of Queen Creek
C. San Pedro River
1. Aravaipa Creek - Aravaipa Canyon segment

D. Salt River
1. Major portions of Salt River and tributaries above confl. w/ Canyon Creek

2. Near Confl. w/ Cherry Creek segment
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E. Santa Cruz River

1. Redrock Canyon
E, Verde River
1. Maijor portions of Verde River from Sullivan Lake to Clarkdale
2, Portions of Verde River near confl. w/ West Clear Creek to confl. w/ Salt
River
3. Major portions of East Verde River
4, Fossil Creek
5. Portions of (lower) Sycamore Creek
6. Portion of Deadman Creek
7. Upper Portion of Oak Creek
8. Upper Portion of Wet Beaver Creek
9. Upper Portion of West Clear Creek

F. Agua Fria River
1. Portion of Agua Fria River
2 Ash Creek
3. Sycamore Creek
4

Yellow Jacket Creek

Mountain Front Streams

A. Upper Gila River

1. San Carlos River above Town of San Carlos
2, Cave Creek
3. Portion of Mineral Creek
4. (east) Ash Creek
B. Lower Gila River
1. Hassayampa River below Wickenburg

C. San Pedro River
1. Redfield Canyon
2. Putnam Wash
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2. Greenback Creek

Santa Cruz River
Sonoita Creek
Sabino Canyon

Tanque Verde Creek

Rincon Creek

1

2

3

4, Parker Canyon
5

6 Portion of Cienega Creek
7

Arivaca Wash

Verde River
1. Portion of Deadman Creek
2. Portions of (lower) Sycamore Creek

Agua Fria River
1. Portion of Agua Fria River
2. Big Bug Creek






The Arizona Supreme Court in Southwest Cotton made the first extensive
examination of subflow. In its opinion, it included a number of subjective guidelines.
Those guidelines were difficult to implement and, as a consequence, this legal principle
has gone largely ignored until confronted by the general adjudication. The Court’s
revisitation of the issue in its July, 1993 opinion reiterated Southwest Cotton’s view
that subflow is only the underflow component of the stream or underground water that
is closely associated with the stream. The Court included additional guidelines for the
identification of subflow, but those guidelines are also very subjective. Apparently, the
Court did not intend that its guidelines would provide the final answer for subflow, but
instead were provided in the opinion to assist the trial court in developing a new criteria
on remand. To assist the trial court in this assignment, DWR has focused on a
technical assessment of the hydrologic principles contained within the Supreme Court’s

recent opinion and the available tests to implement that opinion.

Groundwater and surface water interactions can only occur along stream
reaches where the groundwater system at least periodically establishes a hydraulic
connection with a perennial or intermittent stream. In stream reaches where the
groundwater/surface water interaction has been severed by the development of
groundwater resources, it is not practical or even feasible to recreate the connection.
Subflow must be defined under current conditions, using current data, to establish the
fact of hydraulic connection. If this hydraulic connection does not exist, the impact of

pumping wells is not measurable at the stream.

The law, as originally set forth by Southwest Cotton and reiterated by the recent
opinion, defines appropriable subflow as the known subterranean component of the
stream. A physical basis to identify the boundaries of the subterranean component of
streams in alluvial valleys does not exist. Consequently, any method devised to
describe the extent of a discrete hydrologic entity that does not actually occur must of
necessity incorporate an arbitrary or judgmental factor which adequately defines the

boundary.
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from the stream. In alluvial valley stream environments, the true nature of subflow is a
region within which a certain level of interference is expected to result from pumping

wells.

The most scientific method to assess streamflow interference from pumping
wells is an analytical method based upon the Theis formula or numeric computer
modeling. Either of these methods, however, require specification of a certain period of
time for the analysis, and the results can only be put into the context of subflow when
compared against a certain threshold of qualifying interference. The opinion criticizes
this approach in rejecting the 50%/ 90 day test, but then includes a cone of depression
test as indicative of subflow--a test that can only be performed using the same basic
methods and assumptions from which the 50%/90 day determination was derived.

These statements are not easily reconciled.

If the trial court finds that a time-based interference test is not compatible with
the law or for other reasons is not the best test, then geographic tests can be
considered. Those tests are intended to identify a specific area within which wells are
presumed to be withdrawing subflow. The presumption would be based upon a certain
set distance from the stream or upon a natural hydrogeologic feature. A uniform
distance from the stream method offers significant implementation and administration
benefits. It could incorporate multiple distances coupled with withdrawal criteria as is
done under the Oregon method. It could also be specified more generally as a
sufficient distance, on average, to prevent undue effect on streamflow or the riparian
habitat during the season that the well is pumped. The distance "to prevent undue
effect” could be determined from aerial photo or remote sensing analysis as a function
of the average width of riparian vegetation in a watershed. Combining elements from
interference tests, it could also be based upon an analysis to determine a representative
distance within a watershed where wells would be expected to obtain a certain
percentage of the withdrawal from the stream during the low streamflow period of the
year. Although this method establishes multiple brightlines, it reduces the potential to

create large impacts on the stream from wells located just outside the line definition.
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younger alluvium. With regard to this possible criteria, the Court again appears to both
reject its use in one area of the opinion and require it in other areas. DWR believes that
if the Court wants to view subflow as a natural area within which groundwater is
closely associated with the stream in terms of elevation, gradient, and flow direction,
the younger alluvium provides the best test. Its advantages include the fact that it can
be delineated with relative certainty because its lateral extent can be observed from
above the ground. It can be readily implemented and will not change over time due to
the effects of continuing groundwater pumping. Its disadvantages are that it
establishes a "brightline" outside of which pumpage would not be subject to the law of
appropriation, regardless of the magnitude of withdrawal and actual effect on the
stream. Although in most locations the younger alluvium can be expected to be
relatively near the stream, in some areas it can extend outward for over a mile.
Geographic tests are subject to the criticism that they are arbitrary, but they are also

definitive, bringing final resolution to this issue.

A third approach to the delineation of subflow was developed by DWR in
response to our interpretation of the central guidelines outlined by the Supreme Court
which do not appear to be contradicted or negated by other guidelines in the opinion.
DWR believes that those central guidelines are found on the page of the opinion where
the Court states that subflow "turns on whether the well is pumping water that is more
closely associated with the stream than with the surrounding alluvium. For example,
comparison of such characteristics as elevation, gradient, and perhaps chemical
makeup can be made. Flow direction can be an indicator. If the water flows in the
same general direction as the stream, it is more likely related to the stream." 857 P.2d
at 1246. DWR believes that the modified flow net method described in chapters 4 and
5 of this report carries out these directives. The advantages of this method are that it
meets a strict interpretation of the Court’s opinion by concentrating on the central
directives and avoiding guidelines that appear to be conflicting in the ruling. Its
disadvantage is that it is based upon a snapshot of aquifer conditions at a specific

instant in time. The delineated distance outward from the stream is influenced by

Rlmswalien svee s e, b sh o L a. 1L ol - & _ & - e 1 & .
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the edge of the younger alluvium.

If time of implementation is considered a relevant criteria, the Court should
consider carefully either an interference based approach or a geographic approach.
Either of these methods could be readily implemented by DWR based upon information
already gathered in existing Hydrographic Survey Reports. If a flow net method of
analysis is chosen, however, extensive new data collection will be required before the
computer models could be accurately created. Seasonal constraints on the availability
of this data could result in delays of 12 to 20 months before a revised appropriability
zone could be mapped for the San Pedro watershed. Future Hydrographic Survey

Reports would not be delayed beyond normal time projections.

Table 6-1 outlines the advantages and disadvantages of the principal methods
for delineating subflow analyzed in this report. The choice between the various
methods is not an easy decision. In the final analysis, it probably depends more upon
the Court’s interpretation of the law than of the practical hydrology of Arizona. DWR's
viewpoint, however, is less concerned with precedent and more concerned with a
workable system of groundwater/surface management which will survive the continued
development of our water resources into the next century. This leads us to conclude
that the time/volume interference test, being the most accurate, is the best system.
Next, the younger alluvium test, with its natural boundary and ease of implementation,
is a dependable methodology with considerable technical merit. Finally, if flow
direction and gradient are deemed to be the salient features, the modified flow net
analysis provides a workable model upon which to draw the limits of appropriable water

under our system of water rights.
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This appendix will outline the methodologies used to predict the interaction of
pumping wells on a nearby stream. There are four general methods available to analyze
these interactions: younger alluvium method, flow net method, analytical methods, and
numerical methods. The following discussion is intended to provide the reader with a
general overview of the methods available. For a more rigorous treatment of these
methods, the texts by Freeze and Cherry, 1979, and Bouwer, 1978, are useful

introductions.

A.1 YOUNGER ALLUVIUM METHOD

The younger alluvium method does not quantify the impact of pumping wells on
the surface water system, but rather identifies a hydrogeologic feature, the younger
alluvium. Withdrawals from the younger alluvium are predicted to have a direct and

appreciable effect on streamflow.

The younger alluvium is a distinct hydrogeologic unit. It is relatively
homogenous when compared to basin fill or consolidated aquifers, has high hydraulic
conductivity and storage coefficient values, and is a mappable geologic unit. The
delineation of the younger alluvium is accomplished through detailed field mapping.
The USGS and ADWR have mapped the younger alluvium over most of the Gila River
watershed. The younger alluvium is a stratigraphic unit that ié derived from recent
(Quaternary) stream action. The alluvium is identified in the field by it’s stratigraphic
position, location within or adjacent to active stream channels, and being poorly
indurated or unconsolidated. Because the younger alluvium is located within the

channel of streams, it is readily identified in the field and on aerial photographs.



The flow net method utilizes flow net analysis to evaluate the direction of
groundwater flow and the volume of discharge to the stream or younger alluvium.
Flow nets are graphic solutions to hydrologic problems, relying on groundwater
elevation data to generate groundwater contours and flow lines. The direction of flow
is determined from the hydraulic gradient determined from groundwater contour data
used to draw the flow net. Flow lines are drawn'perpendicular to the contour lines.
The area between flow lines are known as streamtubes. The determination of volume
of discharge is accomplished by determining the flow through the area where the
streamtube crosses a contour line. If the streamtube is cubic, the discharge across the

streamtube is determined by the formula:
dQ=-K" dm
as

where dQ = discharge for one streamtube,
K = hydraulic conductivity,
dh = change in head.

Flow net analysis historically is the first step in any detailed analysis of a
hydrologic system and only requires the water level elevation (head) data and hydraulic
conductivity. However, if the volume of discharge is known, the hydraulic conductivity
can be determined. Flow nets will yield the geometry of the groundwater surface and
the direction of groundwater flow, but will not determine the volume of impact from

wells.



Analytical methods are derived from Darcy’s Law and the Law of Conservation.
Analytical methods require restrictive assumptions, known as Dupuit assumptions
(listed in Table 2-1). These methods were developed as analogies to heat flow theory

and as such are well founded in higher mathematics and physics.

Theis in 1935 developed a formula to predict drawdown from a pumping well,
defining radial groundwater flow to a pumping well. The formula is commonly

expressed as:

hip Q re“du
o—h=——
A= T’ U
where
S
4Tt
where = discharge

Q
h = drawdown,

S = storage coefficient,

T = transmissivity,

t = duration of pumping,

r = radius from the pumping well.

Il

The equation is commonly solved graphically. In 1941, Theis expanded his
groundwater flow formula to solve problems related to wells intercepting streamflow

from groundwater pumpage. The stream depletion is shown by the following equation:

2
depletion=£ f 2187878024y
T bx

where a distance from stream,

storage coefficient,



the solution or adapted it to various hydrologic cases. The most common adaptation is
the Jenkins equation, 1968. Jenkins developed a graphical solution to the Theis

equation that yields the following formula:

depletion=—t_=_tT
sdf a2«S

where: sdf = Jenkins’stream depletion factor
a = distance from stream,
S = storage coefficient,
T = transmissivity,
t = duration of pumping

These methods can predict the depletion of streamflow from wells, at what time during
pumping a well impact a stream, and solve for threshold values such as 50% depletion.
However, these methods are restricted to a series of assumptions that serve to simplify

the natural system. If some of the assumptions are not met, these tests fail.



Numerical methods are algebraic approximations of analytical solutions. The
solutions té these algebraic approximations are carried out simultaneously by digital
computers. Numerical solutions are not bound by the same restrictive assumptions as
analytical methods. However, to provide consistent results, the numerical solutions

require a great deal of high quality data.

The study area for a numerical model is divided into grids or nodes. The
numerical solutions are solved at each node in a study area, but cannot derive site or
well specific solutions. The algebraic approximations are commonly solved by iterative
methods at each node. The iterative method solves the simultaneous equation at each
node and proceeds through the study grid in an orderly fashion. At the node (i,j) in a

study grid, the algebraic approximation for two dimensional groundwater flow is:

’7'1.1+ (VL TEREUNR ‘4h/./=0

i-

where: h = head at each node surrounding (i,j).
This is for steady state and approximates the Laplace equation for two-dimensional

flow. The solution to the equation at node (i,j) is then:

h _hi-1,/+ i g
i 4

The solution is the average value of head computed from the nearest neighbors in the

node array.

A complete discussion of numerical methods is beyond the scope of this report.
However, the text by Wang and Anderson, 1982, provides a complete introduction to

the subject.



This appendix describes in more detail the technical methods used by the
Arizona Department of Water Resources (DWR) to determine the direction of
streamflow and the delineation of the accounting surface. These two determinations.
utilize numerical models such as the method of least-squares and linear interpolation of

stream geometry.

B.1 DIRECTION OF THE STREAM

A determination of the direction of streamflow is necessary in order to follow
through with a technical determination of the Court’s Opinion.. An important
consideration in this determination is that this direction is required for comparison to
the direction of subterranean flow. From a cursory glance, an analysis of the stream’s
direction seems to be a simple matter of obtaining the streamflow direction at a
discrete point. But, although the direction of the stream can be determined in this
fashion, it does not mean that the flow direction thus derived is readily comparable to
that of the subterranean water. Typically, subterranean water exists and flows though
a volume of strata that is at least an order of magnitude larger than the volume of
space occupied by the stream. In the San Pedro River for example, the area of the
basin fill which contains subterranean water is approximately 2,300 square miles while
the dynamic channel of the streams only occupies about nineteen square miles.
Additionally, the depth of subterranean water is not measured in feet, as for surface

streams, but in hundreds of feet.

In contrast to the lingering, seemingly deliberate flow of the subterranean water,
the stream is responsive to more subtle forces, appearing to be oscillating wildly in

comparison to the meandering of the subterranean water. To adequately compare the
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essentially statistical data, a functional approximation of stream direction can be made.
One simple functional approximation often used to smooth statistical data, such as the

coordinates of a stream, is called the method of least-squares.

The use of the method of least-squares in the case of defining streamflow
direction is based on some underlying concepts. One of these concepts is that stream
coordinates with a high degree of correlation define a straight reach of the stream.
Essentially, this would be the flow direction of this particular reach based upon
watershed-scale land features. These large scale features would produce a more
general stream direction, such as occurs for subterranean flow, were the course of the
stream not altered by smaller su.r'face features. A second concept in the use of the
least-squares approach is that the end of a straight reach is defined where the
correlation of the coordinates is no longer high. When the correlation drops, a new
analysis will be required to find the direction of the next stream reach. The normalized
flow direction could then be utilized in the comparison of flow direction between the

subterranean system and the stream.

To determine the correlation of the stream coordinates, a variety of coordinate
subsets can be analyzed (coordinates of the midpoint of the banks are readily computed
through the use of DWR’s Geographic Information System). An analysis of two
successive coordinates will always have a correlation coefficient (r) equal to one (the
highest possible correlation) since the function of two points always describe a straight
line. Therefore analysis of three consecutive points is the minimum number for a useful
analysis of correlation. However, the spacing of these data points along the dynamic
channel could have a profound impact upon the maximum number of points which need
to be analyzed and upon the ability of the least-squares function to filter noise. A very
close spacing of points, say every foot along the stream, would not reduce the noise of
any land feature larger than one foot. Since the analysis is attempting to filter the
noise cause by items such as rock outcrops and material which is inconsistent with the
rest of the alluvial material, a coordinate point spacing of at least several hundred yards

should be a starting point. At this point, a sensitivity analysis can then be made of the
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should be increased to reduce the number of data points which will correlate in order to
adequately filter the noise. If the spacing yields results that do not correlate for five or
fewer points on average, the data is too insensitive and the point spacing needs to be

decreased to obtain a correlation between more points.

The equation used to calculate the coefficient of correlation r for the least

squares method is:

_ Exy)-CxCy)
JInEX?-(Ex)2lInEy? - (Sy)?)

Where r = correlation coefficient
 x = x coordinate of discrete point i

y = y coordinate of discrete point i

>
Il

number of discrete points evaluated

DWR chose to use a minimum absolute r of 0.9 for the example analysis
presented in this report. Generally, an r value of 0.85 or greater describes a good fit of

a straight line to the data points.

As stated earlier, when the correlation coefficient of a set of data points drops
below a certain value, 0.9 in this case, it indicates the end of one stream reach whose
discrete points correlate highly to a straight line defining the direction of flow of that
stream reach. This drop in r also indicates the beginning of another reach of stream
having a different flow direction. One caution in this approach is that a sharp drop in
the value of r or a change in the value of r from positive to negative or negative to
positive indicates that an inflection of the stream has been encountered. The inflection,
when one of the ordinate values alternately increases and decreases in magnitude,

causes the absolute value of r to be less than 0.9. A straight line through this
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correlation coefficient of a line passing through the inflection may remain high. For
example, Table B-1 shows the standard and rotated coordinates and corresponding r
value for a stream reach with an inflection as shown in Figure B-1. Note how the
rotated x coordinates does not increase then decrease in magnitude as do the standard

X coordinates.

TABLE B-1
STANDARD V. ALTERNATIVE COORDINATES FOR
INFLECTIONS IN STREAM DIRECTION

STANDARD COORDINATES r = 0.725 | ROTATED COORDINATES r = -0.941
X COORDINATE | Y COORDINATE | X COORDINATE | Y COORDINATE
359 92 359 92

479 245 552 116

537 436 729 210

529 631 861 353

507 829 985 509

To illustrate the method of least squares, consider the stream section shown in
Figure B-2A. The cenbterline of the dynamic channel can be described by data points
located about every two hundred yards along its length. The centerline of the stream is
shown as a line through these discrete points as shown in Figure B-2B. A sensitivity
analysis shows that the correlation coefficient remains above 0.9 of an average of over
seven points, making up four line segments (each separate line segment must share a
point with another line segment, making the number of analyzed points 29 but only 26
points define this stream reach). Therefore, the point spacing appears to be good. To
find the beginning and ending coordinates for the line segment, conduct an analysis of
the r values for a moving five point least-squares calculation (i.e. analyze points 1

through 5, then points 2 through 6, etc.). A moving five point analysis is conducted
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Figure B-1. Example of how the perception from a different coordinate system can
make a set of coordinates which are alternately increasing and decreasing in

magnitude yield an accurate analysis through the method of least-squares.

sensitivity analysis. Table B-2 shows that the r value for points 1 through 5, 2 through

6, 3 through 7, and 4 through 8 remains above the minimum 0.9. However, the
analysis shows that r for points 5 through 9 drops below the minimum value. This
indicates that the straight line segment with a good fit will run from point 1 through 8.

As a final check, an eight point analysis is made for points 1 through 8 which shows an
r value of 0.969, which still meets the criteria.



[ A. DYNAMIC CHANNEL BANKS WITH MIDPOINTS

B. DISCRETE POINT INTERPRETATION OF STREAM DIRECTION

C. STREAM DIRECTION NORMALIZED FOR COMPARISON
TO GROUNDWATER FLOW DIRECTION

Figure B-2. Utilizing information about the center point of the Dynamic Channel to




CORRELATION COEFFICIENT FOR MOVING FIVE POINT
LEAST-SQUARES ANALYSIS

Points Used in Analysis Correlation
Coefficient
1 through 5) 0.979
2 through 6 0.990
3 through 7 0.972
4 through 8 0.935
5) through 9 0.724

The final step in computing the direction of streamflow for this reach is to derive
the equation of the line which best fits through these data points. The general

equation of the line is:

y=mx+b
where y = y coordinate for the discrete point i
x = X coordinate for the discrete point i

o nx(xy)-x)(Zy)
nEx?-(Tx)?

b=y-mx

DY) i
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For this illustrative example, the equation which defines the first direction line is:

y=17.47+x{0.35)



The accounting surface defines the surface of the subterranean water which is
more closely related to the stream than the surrounding aquifers. The determination of
the relationship between the subterranean waters and the stream through the use of
subterranean water table contours have been previously discussed. Construction of the
accounting surface boundaries between contour lines will require some interpolation for
an accurate representation. For example, Figure B-3A shows a stream reach with
subterranean water level contours spaced far apart due to the quality and quantity of
well data. Finding the 45 degree tangent line to the contour and drawing a straight line
between these points creates an accounting surface that is obviously incorrect.

Instead, since the stream direction lines are at the same scale of observation as the
subterranean flow, the gebmetry can be used to define the geometry of the river
aquifer, and therefore the accounting surface. The distance out to the 45 degree
tangent intersect can be plotted from the dynamic channel center at an angle which is
perpendicular to the flow direction lines. At the point where two flow lines meet the
average of the perpendicular angles is used to plot the distance out to the accounting
surface (Figure B-3B). If the distance from the channel center to the tangent on the
contour line is not equal for the two contours, the distance of the points between can

be calculated by linear interpolation.

DX,
X=X+ ((X;=X) 5 D)én)

where i = a discrete point
n = total number of points
X; = distance from center of dynamic channel to 45 degree tangent on
first contour
X, = distance from center of dynamic channel to 45 degree tangent on
second contour
DX = distance between discrete points

DXn = total of the distances between discrete points
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straignt nne netween e points wouia still NOT approximate tne river aquiter. inese
points as established now allow for an accurate interpolation.

In the future as DWR develops computer modeling capabilities for the modified
flow net analysis the accounting surface will be potentially drawn directly on a three
dimensional model of the groundwater surface rather than going through the contouring

and interpolation procedure described in this appendices.



The following series of tables provides a list of well data used in delineating the
accounfing surface for the examples provided in Chapter 5. As previously stated, this
information would be inadequate for an actual delineation of an accounting surface due
to the fact that the data was collected at many different times and during different
years. It is therefore not representative of a water table at one instant in time. Deep
wells within confined layers were discounted from the analysis, wells that are over 500
feet deep listed in Tables C-1 and C-2 are wells that were located some distance away
from known confined zones, as are wells that are over 250 feet listed in Tables C-3
and C-4. Wells from DWR’s well registration database (Wells 55) were only locatable
within a 10 or 40 acre size area and were therefore only used to fill in the gaps in the

data from the Groundwater Site Inventory (GWSI) database.

TABLE C-1
REGISTERED WELLS USED FOR ALLUVIAL STREAM
WITH CONFINED LAYER EXAMPLE

WELL REGISTRATION LOCAL ID WATER LEVEL | WELL DEPTH
# (55 #) ELEV (FT) (FT)
624643 D-08-17 29ACA 2377 | NO DATA
624625 D-08-17 29DDA 2367 100
600287 D-08-17 33AC 2363 63
530003 D-08-17 33BDB 2365 120
530004 D-08-17 33BDB 2373 100
806352 D-08-17 33DB 2431 110
604260 D-08-17 33DBC 2391 62
604261 D-08-17 33DBC 2391 210
6191562 D-08-17 33DC 2421 60
607862 D-09-17 04AA 2392 150



WELL REGISTRATION LOCAL ID WATER LEVEL | WELL DEPTH
# (55 #) ELEV (FT) (FT)
607867 D-09-17 04ADC 2429 150
607865 D-09-17 04ADC 2429 130
624635 D-09-17 04CDA 2412 16
624639 D-09-17 O9DBA 2450 130
624637 D-09-17 10CDC 2448 400
607683 D-09-17 10DCB 2395 453
929971 D-09-17 14CAB 2471 65
624626 D-09-17 14CDC 2478 | NO DATA
624635 D-09-17 15ABD 2464 53
529968 D-09-17 15BBD 2435 65
537377 D-09-17 16ADD 2410 260
537378 D-09-17 22DBB 2670 130
529969 D-09-17 23BCA 1500 63
537230 D-09-17 23BCB 2859 176
537231 D-09-17 23BCB 2281 225
537227 D-09-17 23BCD 2480 50
624814 D-09-17 23BCD 2488 80
537228 D-09-17 23BCD 2395 172
537229 D-09-17 23BCD 2346 2387
624628 D-09-17 24CDC 2504 100
237379 D-09-17 28DCB 2830 85




TABLE C-2

GWSI WELLS USED FOR ALLUVIAL STREAM
WITH CONFINED LAYER EXAMPLE

SITE ID LOCAL ID WATER UTM EAST |UTM NORTH WELL

< LEVEL ELEV DEPTH (FT)
(FT)

324212110371501 |D-08-17 29DDA 2372 535539 418273 100
324256110382601 |D-08-17 30AAB 2366 533686 419622 295
324231110383101 |D-08-17 30ACD 2365 533558 418851 277
324135110390301 |D-08-17 31CBA 2470 532731 417124 400
324143110371601 [D-08-17 32ADD 2381 535516 417380 100
324130110372401 |D-08-17 32DAC 2368 535309 416979 62
324144110364401 |D-08-17 33BDD 2396 536349 417414 70
324130110362901 |D-08-17 33DBD 2404 536741 416984 180
324141110332201 [D-08-17 36ACD 2725 541609 417342 425
324032110343101 [(D-09-17 02DCB 2445 539821 415210 1025

324058110361201 |D-09-17 04ADA 2400 537188 416000 |NO DATA
324025110364301 [D-09-17 04CDD 2420 536384 414981 36
323955110362601 |D-09-17 09DBA 2445 536830 414059 55
323938110353301 [D-09-17 10DCB 2439 538213 413541 85
323913110351801 [D-09-17 15ADB 2455 538606 412773 53

323859110350901 D-Og—i 7 15DAA 2470 538842 412342 |NO DATA
323859110352701 [D-09-17 15DBA1 2478 538374 412341 64
323858110352601 [D-09-17 15DBA2 2473 538400 412310 35
323756110332901 [D-09-17 24DCBH1 2497 541456 410413 82




REGISTERED WELLS USED FOR ALLUVIAL VALLEY EXAMPLE

REGISTERED LOCAL ID WATER LEVEL | WELL DEPTH (ET)
WELL # (55 #) ELEV (FT)

519933 | D-23-22 33AAA 4172 85
642535 | D-23-22 33AAA 4181 90
505414 | D-23-22 33CDC 4211 160
607868 | D-23-22 33CDC 4204 84
536492 | D-23-22 33DCD 4202 100
637816 | D-23-22 33DCD 4204 150
648448 | D-23-22 33DCD 4206 260
806319 | D-23-22 33DCD 4214 100
605144 | D-23-22 34AAC 4200 200
605145 | D-23-22 34AAC 4203 120
513254 | D-23-22 34CAC 4220 152
60952 | D-23-22 35ABD 4171 250
516198 | D-23-22 28AAB 4195 80
538145 | D-23-22 28AAD 4197 125
637785 | D-23-22 28AAD 4175 120
611665 | D-23-22 28ACB 4189 220
85521 | D-23-22 28ADD 4185 61
528560 | D-23-22 28ADD 4187 120
517401 | D-23-22 28BAB 4152 250
629911 | D-23-22 28BAD 4201 76
642953 | D-23-22 28BAD 4181 100
601630 | D-23-22 28BBB 4172 123
618732 | D-23-22 28BBC 4180 250
617973 | D-23-22 28BCA 4190 80




REGISTERED LOCAL ID WATER LEVEL | WELL DEPTH (FT)
WELL # (55 #) ELEV (FT)
801773 | D-23-22 28BCA 4185 120
519581 | D-23-22 28BCC 4201 132
632921 | D-23-22 28BDA 4184 86
650839 | D-23-22 28BDA 4182 106
507397 | D-23-22 28CCD 4174 130
507396 | D-23-22 28CDC 4180 110
607965 | D-23-22 28DAB 4180 205
512396 | D-23-22 28DAD 4188 100
605033 | D-23-22 28DBA 4183 95
605034 | D-23-22 28DBA 4183 107
641386 | D-23-22 28DBA 4183 105
501981 | D-23-22 28DBB 4184 150
611177 | D-23-22 28DBB 4185 150
602281 | D-23-22 28DBC 4179 100
637198 | D-23-22 28DBC 4179 45
643449 | D-23-22 28DBC 4187 82
629824 | D-23-22 28DBD 4189 115
516666 | D-23-22 28DCA 4173 100
642515 | D-23-22 28DCA 4138 150
611176 | D-23-22 28DCB 4185 105
605101 | D-23-22 28DCC 4199 150
6015568 | D-23-22 28DCD 4195 118
531603 | D-23-22 28DDA 4155 99
647426 | D-23-22 28DDB 4178 100
610245 | D-23-22 27DBA 4191 132
610246 | D-23-22 27DBA 4198 200




REGISTERED LOCAL ID WATER LEVEL | WELL DEPTH (FT)
WELL # (55 #) ELEV (FT)

512567 | D-23-22 27DCB 4187 200
513863 | D-24-22 04ABB 4190 100
602110 | D-24-22 04BAA 4192 150
630372 | D-24-22 04BAA 4190 90
630521 | D-24-22 04BBA 4203 31
637829 | D-24-22 04BBA 4198 40
511139 | D-24-22 04BBB 4185 100
612901 | D-24-22 04BBD 4202 1128
633902 | D-24-22 04BBD 4202 1128
633165 | D-24-22 04BBD 4206 90
620384 | D-24-22 05AAA 4204 65
633163 | D-24-22 O5AAA 4204 100
87173 | D-24-22 O5AAB. 4199 103
600298 | D-24-22 05AAB 4207 210
642040 | D-24-22 05BBA 4197 200
84966 | D-24-22 05BBA 4191 180
613446 | D-24-22 05BBB 4206 180
644205 | D-24-22 05BBD 4211 160
631439 | D-24-22 05BCD 4221 168
633164 | D-24-22 05BCD 4216 160
607007 | D-24-22 05CCC 4205 1L
627431 | D-24-22 05CCC 4210 110
600299 | D-24-22 07ADA 4241 186
600646 | D-24-22 07BAD 4215 220
642072 | D-24-22 08ADA 4202 200
86096 | D-24-22 08BAA 4230 230
642037 | D-24-22 08BAA 4183 230




GWSI| WELLS USED FOR ALLUVIAL VALLEY EXAMPLE

SITE ID LOCAL ID WATER LEVEL | UTM EAST |UTM NORTH| WELL
ELEV (FT) DEPTH (FT)
312501110074701 D-23-22 20ACC 4194 582721 275954 45
312454110073701 D-23-22 20DBA 4189 582987 275740 |[NO DATA
312442110073101 D-23-22 20DDB 4201 583148 275372 460
312515110063701 D-23-22 21ABD3 4031 584566 276400 209
312438110065401 D-23-22 21CDA 4180 584126 275257 100
312449110055901 D-23-22 22CAC 4150 585576 275607 [NO DATA
312434110040101 D-23-22 24CCD 4200 588696 275171 250
312421110041001 D-23-22 25BBC | 4202 588461 274769 312
312406110055201 D-23-22 27CAA2 4182 585798 274224 INO DATA
312421110064501 D-23-22.28ABC. . 4189 | 584316|. 274673 220 |f =
312429110065301 D-23-22 28BAA1 4180 584155 27498.0 156
312429110065401 D-23-22 28BAA2: 4176 584128 274980 85
312429110065501 |D-23-22 28BAA3 4180 584102 274980 | 150"
312429110065601  |D-23-22 28BAA4 4179 584076 274979 116
312420110065001 D-23-22 28BAD 4177 584236 274704 103.5
312415110065101 D-23-22 28BDA1 4193 584211 274549 86.4
312415110065001 D-23-22 28BDA2 4192 584238 | 274550 125
312354110070101 D-23-22 28CAC 4214 583952 273901 96
312340110061901 D-23-22 28DCC 4203 585065 273479 150
312350110063001 D-23-22 28DDB 4169 584772 273784 101
312417110074801 D-23-22 29ACB 4207 582705 274599 460
312403110072401 D-23-22 29DAA 4198 583395 274235 563
312357110073901 D-23-22 29DBD 4202 582948 273985 460
312304110085601 D-23-22 31CAD1 4218 580927 272337 700
312303110085601 D-23-22 31CAD2 4209 580927 272307 |NO DATA




SITE ID LOCAL ID WATER LEVEL | UTM EAST [UTM NORTH| WELL
ELEV (FT) DEPTH (FT)
312249110072101 D-23-22 32DDD2 4200 583440 271895 201
312336110063001 D-23-22 33AAB 4183 584775 273353 80
312322110063101 D-23-22 33ADB 4189 584753 272922 90
312329110070101 D-23-22 33BAC 4207 583958 273131 26
312336110071001 D-23-22 33BBA 4192 583719 273345 [NO DATA
312312110065801 D-23-22 33CAC 4215 583964 272423 INO DATA
3123041 10070701 D-23-22 33CBD 4211 583806 272360 234
312251110065201 D-23-22 33CDD 4199 584206 271963 [NO DATA
312251110064501 D-23-22 33DCC2 4201 584390 271965 200
312251110063801 D-23-22 33DCD1 4210 584575 271966 50
312250110063901 D-23-22 33DCD2 4211 584549 271935 91.5
312249110063801 D-23-22 33DCD3" | 4204 584576 | 271904 [NO DATA
312300110061901 D-23-22 33DDA 4191 585075 272247 100
312258110063001 D-23-22 33DDB 4198 584785 272183 101
312329110053101 D-23-22 34AAC 4206 586336 273150 120
312330110053601 D-23-22 34ABD 4208 586203 273180 170
312340110055301 D-23-22 34BAA 4211 585752 273484 [NO DATA
312304110060701 D-23-22 34CBD2 4214 585391 272373 165
312250110060101 D-23-22 34CDC1 4230 585553 271943 INO DATA
312250110055901 D-23-22 34CDC2 4220 585606 271882 180
312739110031201 D-23-23 06BCC 4152 589940 280878 1000
312448110010801 D-23-23 21CBC 4207 593260 275642 [NO DATA
312323110020901 D-23-23 32BCB 4225 591672 273011 270
312315110021201 D-23-23 32BCC 4204 591594 272887 270
312153110031001 D-24-22 01ACC 4202 590085 270226 [NO DATA
312220110033501 D-24-22 01DBA 4207 589417 271052 222




SITE ID LOCAL ID WATER LEVEL | UTM EAST |UTM NORTH| WELL
ELEV (FT) DEPTH (FT)
312246110065601 D-24-22 04BAB1 4210 584101 271808 INO DATA
312243110070101 D-24-22 04BAB2 4213 583970 271715 70
312222110071601 D-24-22 04BCC 4217 583579 271065 |[NO DATA
312205110070901 D-24-22 04CCA 4214 583768 270543 178
312159110064501 D-24-22 04DCC 4235 584403 270364 50
312243110072901 D-24-22 O5AAB 4219 583230 271709 |INO DATA
3122301100733901 D-24-22 O5ACA 4226 582969 271307 210
312159110081801 D-24-22 05CCC -4230 581946 270344 325
312141110072501 D-24-22 08ADA1 4235 583351 269801 110
312153110081701 D-24-22 08BBB 4235 581974 270160 250




TABLE C-5
REGISTERED WELLS USED FOR BEDROCK CANYON STREAMS EXAMPLE

REGISTRATION # DEPTH TO WELL
(65 #) LOCAL ID WATER (FT) DEPTH (FT)
612948 | D-06-17 26C 112 30
618440 | D-06-17 26C 14 29
618441 | D-06-17 26C 12 28
603731 | D-06-17 26CCB 19 42
637284 | D-06-17 34A 18 20
528476 | D-06-17 34AAA 15 54
648741 | D-06-17 34ACA 12 35
648742 | D-06-17 34ACA 3 25
528178 | D-06-17 34ACC 15 62
522863 | D-06-17 34CAD 22 54
529934 | D-06-17 34CAD 27 54
603062 | D-06-17 34CCA 12 32
603063 | D-06-17 34CCA 22 38
637752 | D-06-17 34CCA 22 39
623331 | D-06-17 34CCD 20 46




GWSI| WELLS USED FOR BEDROCK CANYON STREAM EXAMPLE

SITE ID LOCAL ID WATER LEVEL UTM EAST UTM NORTH
ELEV (FT)

325338110341301 D-06-17 23DAD 2589 540192 439415
325324110341701 D-06-17 23DDD 2573 540089 438984
325346110340301 D-06-17 24CBA2 2589 540450 439662
325308110343201 D-06-17 26ACA 2536 539702 438489
325302110344701 D-06-17 26BDA1 2524 539313 438303
325302110344901 D-06-17 26BDA2 2530 539261 438303
325245110350201 D-06-17 26CBD 2512 538925 437778
325243110345701 D-06-17 26CCA 2509 539055 437717
325238110351001 D-06-17 26CCB 2508 538718 437562
325224110352301 D-06-17 34AAB 2465 538382 437129
325215110353701 D-06-17 34ACB 2505 538019 436851
325147110360301 D-06-17 34CCA 2525 537347 435986
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ARIZONA DEPARTMENT OF WATER RESOURCES
ADJUDICATIONS DIVISION

TO: Interested Parties
FROM: Charles Cullom
DATE: June 6, 1994

SUBJECT: Channel and Riparian Vegetation Changes along the San Pedro River

DWR has revised the preliminary analysis documenting channel change and riparian
vegetation changes along the San Pedro River. The revision corrects computation
errors included in the original April 29, 1994 report. This report replaces the report of
April 29, 1994,

The values reported here are based on aerial photography and have not been field
checked. The report serves to the illustrate the general magnitude of changes along the
river. If you have questions regarding the work here or would like to examine the

photography, please contact me at 542-1520.



DWR analysis of San Pedro River channel changes from 1935 to 1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document channel change. Channel change was of two
types, channel shift {avulsion) and channel narrowing. The channel shifts range from O
to approximately 1,200 feet as shown in the following table. Channel narrowing ranges
from -170 (widening} to 970 feet. The channel was defined for this study as the
"sandy wash" described by Dr. Montgomery. The following tables describe the results

of the analysis.

The assessment was conducted by locating identical physical or cultural points on the
east and west side of the San Pedro River on the 1990 and 1935 photography. A
transect line was then drawn to connect the points on each photo. The distance from
each point to the "sandy wash" as well as the width of the wash was measured. The
difference in width of the "sandy wash" defines narrowing and is rounded to the
nearest 10 ft. The shift is defined by the maximum difference in distance from the
point to the wash on each side of the wash. The shift is the absolute value of the

maximum distance and is rounded to the nearest 100 ft.

Photo 1 - Hereford SW {Mexico to Palominas)’

Transect Narrowing Shift

1a -170 500
Photo 2 - Hereford (Palominas to Lewis Spring)’

Transect Narrowing Shift
2a 210 500
2b 310 700
2c 480 300
2d L 100 100 |




Photo 3 - Lewis Spring {Lewis Spring to Charleston)’

Transect Narrowing Shift
3a 170 400
3b 440 400
3c 400 500
3d 130 100
Photo 4 - Fairbank {Charleston to Fairbank)'

Transect Narrowing Shift
4a 240 200
4b 340 600
Photo 5 - Land (Fairbank to St. David)’

Transect Narrowing Shift
ba 100 100
bb 630 500
5c . 70 1,000
Photo 6 - Benson (St. David to Pomerene)’

Transect Narrowing Shift
6a 130 200
6b 100 1,200
6¢c 0 700
6d 300 500




Photo 7 - Galleta Flats East (Pomerene to Narrows)®

Transect Narrowing Shift
7a 370 700
7b 200 500
7c 100 100
7d 130 100

Photo 8 - Wildhorse Mnt’

Transect Narrowing - Shift
8a 970 200
8b 400 400
8c 200 300

Photo 9 - Clark Ranch {Mammoth area)’

Transect Narrowing Shift
9a 500 400
9b 800 500
9¢ 400 600

all values In feet

Paul L. Sale Property Channel Shift approximately 950 feet as determined from previous
mapping and communication with the property owner.



DWR analysis of change in riparian habitat along the San Pedro River from 1935 to
1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document change in the extent of riparian vegetation. The
change in riparian vegetation along the San Pedro River channel varies widely across
the watershed. The magnitude of change is shown in feet along a study transect. The

changes are summarized in the following tables.

DWR used the same general methods as outlined for channel changes. The amount of
riparian change is defined as the sum of riparian change on the west and east sides of
the wash. The riparian change was calculated by subtracting the riparian distance on
the 1990 photos from the riparian distance on the 193b photos. All values are rounded
to the nearest 100 feet.

Photo 1 - Hereford SW (Mexico to Palominas)’

Transect Riparian Change
1a + 100 ft
Photo 2 - Hereford (Palominas to L;wis Spring)’
Transect Riparian Change
2a + 500 ft
2b -300 ft
2c no change O
2d no change O




Photo 3 - Lewis Spring {Lewis Spring to Charleston)’

Transect Riparian Change
3a | -300 ft
3b +200 ft
3c G100 ft
3d -200 ft

Photo 4 - Fairbank {Charleston to Fairbank)’

Transect Riparian Change
4a -100 ft
4b -500 ft
Photo 5 - Land (Fairbank to St. David)’ |
Transect Riparian Change
ba -1900 ft
5b no change O ft
5¢ --200 ft
Photo 6 - Benson {St. David to Pomerene)’
Transect Riparian Change
Ba + 800 ft
6b 4800 ft
B¢ _ + 200 ft
6d -200 ft




Photo 7 - Galleta Flats East {Pomerene to Narrows)'

Transect Riparian Change
7a no change O ft
7b + 600 ft
7c -300 ft
7d -500 ft

|| Photo 8 - Wildhorse Mnt’

| Transect Riparian Change
8a CE3100 ft
8b #1800 ft
8c (H1900 ft
Photo 9 - Clark Ranch (Mammoth area)’
Transect Riparian Change
9a -b00 ft
9b +700 ft
9¢ -500 ft

Copy of the foregoing report
mailed this day of

June, 1984, to all persons

on the Court approved mailing
list dated June 6, 1994
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IN THE SUPERIOR COURT OF THE STATE OF ARIZONA

IN AND FOR THE COUNTY OF MARICOPA

In re the general adjudication of )
all rights to use water in the y W-1, W-2, W-3,
Gila River System and Source )

REPORTER’S TRANSCRIPT OF PROCEEDINGS

Evidentiary Hearing

Volume X

Phoenix, Arizona
February 15, 1994
i0:40 a.m.

BEFORE: THE HONORABLE STANLEY Z. GOODFARB,
Judge of the Superior Court

prepared by Teresa Louis,
Official Court Reporter
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Again, to emphasize, all of the technical
tfactors involved in the subflow criteria need to be
specified by this Court’s criteria if we are going to
bring closure on this issue.

THE COURT: That's a hell of a task for a kid
who had a tough time with plane geometry.

Let me ask you a couple of guestions, Steve.
What I want to start with is, if you’ll get your sheet,
your overhead of Exhibit 266. It’s a green, red and
yellow one. Let me see if I can utilize this to answer
some simple guestions that the Supreme Court raised.

First of all, Steve, would I be correct that
the two black lines on the outer edge of the drawing
are the ridge lines, correct?

THE WITNESS: These lines?

THE COURT: No.

THE WITNESS: This line?

THE COURT: Yes. That'’s the ridge.

THE WITNESS: Yes.

THE COURT: The other one is the ridge line
to the east; ridge line to the west, right?

THE WITNESS: Yes.

THE COURT: On one side they got the
Dragoocons, on the other side I‘ve got the Winchesters,

and the line to the west is the Dragoons and ridge line
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Again, to emphasize, all of the technical
factors involved in the subflow criteria need to be
specified by this Court’s criteria if we are going o
bring closure on this issue.

THE COQURT: That's a hell of a task for a kid
who had a tough time with plane geometry.

Let me ask you a couple of gquestions, Steve.
wWhat T want to start with is, if vou’ll get your sheet,
your overhead of Exhibit 266. It‘s a green, red and
yellow one. Let me see if I can utilize this to answer
some simple guestions that the Supreme Court raised.

First of all, Steve, would I be correct that
the two black lines on the ocuter edge of the drawing
are the ridge lines, correct?

THE WITNESS: These lines?

THE CQURT: Ho,

THE WITNESS: This line?

THE COURT: Yes. That’s the ridge.

THE WITNESS: Yes.

THE COURT: The other one is the ridge line
to the east, ridge line to the west, right?

THE WITNESS: VYes.

THE COURT: On one side they got the
Dragoens, on the other side I've got the Winchesters,

and the line to the west is the Dragcons and ridge line
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of the Dragoons, the line tc the east in this thing is
the ridge line of the Whetstones, right?

THE WLTNESS: To the west ars the
Whetstones.

THE COURT: Now, the gray area is hard rock.
The yellow is basin fill aquifer, which really
represents the debris from the geological erosion of
the mountains as they grow up, isn’t that correct?

THE WITHESS: That'’s correct.

THE COURT: It‘s transported by various
streams, and part of it might have been transported by
the Ice Age if the glaciers ever got down here, rignt?

THE WITNESS: Certainly. Over a very long
period of time.

THE COURT: ©Now, in the middle of this there
is a green area, and there are alsc some green areas
along where there are probably the remains of ephemeral
streams that were arroyos, and that constitutes the
vounger alluvium, right?

THE WITHESS: The younger alluvium
formations. It is younger alluvium.

THE CQURT: The younger alluvium foermation is
that erosive material which was deposited in various
layers in the last 8500 or 85,000 years.

THE WITNESS: That's correct.
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THE COURT: Now, the younger alluvium does
not reach from ridge line to ridge line except where
there are thin bands of younger alluvium along where
the tributary waterways or arroyos go up almost to the
ridge line.

THE WITNESS: That’s correct. It occurs in
very, very few places.

THE COURT: There's debris in arroye and a
channel that kind of fills it except for the places
where you get to the hard rock, but there’s always sand
and some rock in any of these mountain canyons that are
coning down.

THE WITNESS: Sure.

THE COURT: But the younger alluvium we‘ve
been talking about is that which fills the center of
this valley, and that alluvium does not go from ridge
line to ridge line, correct?

THE WITHESS: Nag, it does not.

THE COURT: According to your diagram here,
the younger aliuvium here, the solid, the large green
area basically consists of the alluvium which is
suppertive of the stream and also constitutes a portion
of the tributary aquifers that feed into the San Pedro,

correct?

THE WITNESS: It could be viewed that way.
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THE COURT: 1In fact of the matter, isn’t the
basin fill also a tributary, a part of the tributary
aquifer because there’s water there that slowly comes
to the center, eventually gets to the center, and then
starts drifting down the San Pedro to the Gila, and if
it ever gets past Ashurst Dam it keeps on going clear
down to the Sea of Cortez, to the Celorado and the Sea
of Cortez. Takes a few eons in geologic time, but it
does do that, doesn’t it?

THE WITNESS: Yes. Conceptually that could
oecur.

THE COURT: Now, you’'ve been talking about
something that you call inliers. The Supreme Court
bagically talks about something called tributery
aguifers. With regard to this exhibit, can we agree
that that portion of the tributary aguifers which
consists of the younger alluvium is that green which is
outside of the red?

THE WITNESS: Within the context of the
Supreme Court’s order, the guidelines that they put
down and the way that I understand that they were
trying to separate tributary aquifer ground water from
ground water associated with the stream, yes, I think
you cculd say that ground water in these green areas

would be associated with their definition of tributary
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ground water.

THE CGURT: Unfortunately, the molecules of
water are too stupid to understand the legal
distinction between tributary aquifer and the subflow
aguifer of the stream, right?

THE WITNESS: Not only are they too stupid,
they don‘t care.

THE COQURT: Probably the latter.

MR. SPARKS: They are probably teenagers,
Your Honor.

THE COURT: If we were tc draw a distinction
between the ground water flow in what I call the
tributary aquifer and the ground water flow of the
aquifer below the San Pedro and shown in red, would it
not largely be the direction of flow in that the
tributary aquifer is headed toward the stream and the
stream aquifer is headed in the direction of the
stream?

THE WITNESS: I believe that could occur in
many areas. This area of ycunger alluvium in the
Pomerene-St. David area, as you well know, is occupied
with extensive cultural development. Cultural
development alters the natural course of ground water
flow from a lot of different activities, pumpage and

recharge incidental to use.
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S0 flew directions can sometimes reverse.
They can gc one way one season and back again. But I
think as a general way of viewing it, if water cccurs
in this area, if there's, for example, recharge and
water levels in the aguifer in this area are higher
than water levels at the stream, then naturally it’s
not going to travel down the basin through these
inliers, but rather it’s going to go f£low more towards
the stream. Because inliers, prchably what there is
there is older alluvium, and it probably bas a lower
hydraulic conductivity.

THE COQURT: Let‘’s take what you’'ve told us
and let‘s see if we can agree. If the areas shown in
green in the natural condition, bhecause water conmes
from high to low and those areas are obviously higher
than the stream, in its natural condition before people
started farming in there it flowed toward the stream,
carrect?

THE WITHNESS: VYes, I believe it did,

THE COURT: In its subsequent condition,
post-development, it may flow toward the stream, it may
flow away from the stream, it may flow in circular
conditions, it may flow in any one of many diiferent

directions.

But the stream only has an effect of having
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it fiow toward the stream, but it flows in many
directions and dces not have a2 stream flow direction
generally.

THE WITNESS: Well, ves, it’s probably highly
variable from location to location.

THE COURT: It’s highly variable because of
development.

THE WITNESS: Yes, because of development and
because of the shape of these inliers and so forth.

THE COURT: Now, ycu’‘ve drawn these, and I
understand why you’ve drawn them, and chviously I think
we've drawn them because the Supreme Court shot down--
well, the Supreme Court having been told about
tributary agquifers, which I never mentioned in my order
and somecne else ralsed for them, has shot down
tributary aguifers, and therefore what they have said
clearly, with nc contest, is that you can’t include
tributary aguifers in the subflow, correct?

THE WITNESS: You can’t?

THE COURT: Yes, you can’t.

THE WITNESS: According to their-—

THE COURT: Yes, according to their
hydrologist.

THE WITNESS: That’s correct.

THE COURT: Assuming I cannot shut down
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tributary aquifers and assuming that the Page
definition of subflow is to draw a band based on the
closure where the inliers come, how can I be certain
that where the inlier meets the stream aquifer, that
the direction is sufficiently stream flow that I can
draw the lines in that area?

Isn’t this right where they meet some
confusion of direction until it gets further into the
younger alluvium and before I can be certain that its
flow has straightened out sufficiently that I can in my
mind be certain that flow with its elevation and its
gradient is equivalent to the flow elevation and
gradient of the stream?

THE WITNESS: You probably have seen with the
surface water example, two streams come together., One
is muddy and the other one isn’t. You can see how the
water is comingled. You can see how like the muddy one
is the smaller stream, how it turns and goes down with
the stream. It’s pretty rapid. Things in an aquifer,
movemsant 1s of course a different situation.

I suppose if you went out a little distance
from the inliers, it would probkably be a safe
assumption that--

THE COURT: How far in from the inliers do

you think I would normally have to come to be certain
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in my own mind that the stream flow has now turned
sufficiently in its substance that it’s going with the
stream?

How far should I pull in those parameters to
be certain in my own mind that I’ve now got subflow
going in the same direction as the stream?

THE WITNESS: I don’t think it needs to be
too far, Your Honor, because as a normal consequence,
normal situation with these inliers and younger
alluvium associated with the tributary aguifers, the
amount cf water fleowing in the aquifer towards the
stream is probably going to be relatively small
compared to the amount of water flowing down the
stream.

THE COURT: Are you talking about 100 feet or
50 feet or 20C feet?

THE WITNESS: I weuld think it would be rare
if it’s more than 100 or 200 feet unless the inlier
goes down a shalliow slope.

THE COURT: In most instances the slope from
the ridge line to the river is pretty good in this
area, isn’t it?

THE WITNESS: What I mean 1is, for example,
let’s say this inlier, if it goes underneath the

younger alluvium material here at some shallow angle,
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it could be still an obstruction there, but I think
that would be probably a rare situation.

So I would say than the order of 100 or 200
feet would probably be pretty certain that the general
direction of the ground water was with the stream.

THE COURT: If I combined that with
elevation, gradient and flow direction, in your
opinion, hydrologically speaking, would that be a
pretty safe assumption as to what would constitute
subflow if we’re talking about that saturated
geological body which is suppertive of and connected to
the stream?

THE WITNESS: Yes, I think that would be
appropriate.

THE COURT: Let’s talk a little bit about
post—-entrenchment alluvium. You’re familiar with the
Hereford report, are you not?

THE WITNESS: Somewhat.

THE COURT: I’m going to read you something
from an exhibit that was provided for us today, and see
if you agree with this. This is page 46 of Exhibit--
do you know the number of this Oxford edition en
Scuthwest Arroyos-—-

ME. PEARCE: 278.

THE COURT: Let me read you something that is
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kind of long but I think pretty well spells it out, and
tell me whether or not you agree with it.

Page 46. "After about 1880 the possible
causes of entrenchment multiplied. Drainage
concentration ceould have been a factor. Climatic
change might have played a role. There were several
severe floods during the last two decades cf the
century, and these may have initiated entrenchment.

"Finally, there is a strong possibility that
vegetation changes resulting from overgrazing within
the watershed, especially south of Benson, cattle
damage along the trails and the river, ang
deforestation of some catchment basins from mining
timber may have promoted entrenchment."

Would you agree witn that?

THE WITNESS: Yes, I would. I believe that
there has been extensive testimony that all three of
those factors—-—

THE COURT: Let me read you the next
paragraph, because I think it really spells it out.

"Evidence of vegetation changes is extensive
and conclusive. It is recorded on numerous photographs
reproduced in Hastings and Turner’s (1965.) Rodgers
(1965) reviewed the evidence in this southern San Pedro

Valley. He argued that there appears in his view to be
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THE NATURE OF THESE PROCEEDINGS

On July 27, 1993 the Arizona Supreme Court decided In re

the General Adjudication of All Rights to Use Water in the Gila
River System and Source, 175 Ariz. 382, 857 P.2d 1236 ("In re
Gila") and remanded it back to this Court to make certain

evidentiary decisions. That opinion was the second of six issues
of law the Court accepted for interlocutory review on December 11,
1991. Those issues were accepted because this action, which
adjudicates water rights under the McCarran Act, 43 USCS § 666,
will be before the Courts for many years and is exceedingly

complex.

Two issues were remanded. First, a test for use by the
Arizona Department of Water Resources (ADWR) to determine what is
known as '"subflow" under arj a unt unicipa Water
conservation District No. One v. Southwest Cotton, 39 Ariz. 65, 4
P.2d 369 (1931) ("southwest Cotton"). "Subflow" contains
appropriable water under A.R.S. § 45-141 and, therefore, is subject
to the jurisdiction of this Court under state law. In this Court's
opinion, "In re Gila" requires that the "subflow" zone be defined
by physical factors utilizing stable geologic formations, available
hydrological information, and/or organic characteristics of the
area. Second, a test for use as to wells outside the "subflow"
zone which create such a "cone of depression," that they cause
water to be lost to or removed from the "subflow" zone, the stream
bed, or the stream itself.
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The parties divide into two groups. The United States,
Salt River Project, the Indian Tribes and the Nature Conservancy
argue for a "subflow" 2zone as wide as possible and a "cone of
depression" test which provides the greatest protection to stream
flow. These parties have an interest in protecting their surface
rights in stream flow because they already have appropriation
rights or federal reserve rights under Winters v. U.S., 207 U.S.
564, 28 Ss.Ct. 207, 52 L.Ed 340 (1908). Those who refer to
themselves as the "groundwater users" include the mines, several
cities who depend more heavily on groundwater sources, plus certain
agricultural interests. They argue for a much narrower "subflow"
zone, because it provides much more protection for their use of
sub-surface water sources they depend on.

On August 27, 1993 this Court took up the issues
presented and the resolution process. At least two of the parties,
Cyprus Mining and the City of Phoenix, previously presented
requests for direction. A briefing schedule was set and request
for comment on the issue with argument set for October 7, 1993. By
then the Court had received a number of briefs which called for an
evidentiary hearing. The Court agreed and provided certain
specific orders to ADWR and others on how the evidentiary hearing
would be held, how reports were to be prepared, how experts were to
be presented and proposed dates and schedules.

On November 5, 1993 there was further discussion as to
the contents of the experts' reports filed by December 15, 1993.
The next meeting, December 10, 1993, changed the date of the
evidentiary hearing from January 10, 1994 to January 31, 1994,
spelled out what was expected from the parties as to testimony, and
set rules on cross-examination by multiple parties and limits on
evidentiary relevance.

On December 22, 1993 the Court held its first Pretrial
Management Conference and set down four separate evidentiary
rulings which the Court believed all parties were in agreement
with, and noted what seemed to be the quality of the ten separate
reports filed. The Court then requested an acetate overlay
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presentation of how each party's position would show the parameters
of the "subflow" zone in two typical study reaches of the San Pedro
Basin. They were Reach 1 between Reddington and Mammoth (exhibit
18), and Reach 2 Palominas (exhibit 11). The acetate overlays were
mounted over base maps prepared by ADWR and marked as exhibits 12
to 17 for the Palominas Reach (exhibit 11), and exhibits 19 to 25
for the Reddington Mammoth Reach (exhibit 18).

On January 14, 1994 the final details were worked out,
the requested exhibits presented, mounted and viewed by all
counsel, a schedule of the order of witnesses' presentations
arrived at and how cross-examination would be allowed. By then an
exchange of exhibits was to have occurred. Between the 14th and
the 31st, disclosure statements were filed by the City of Phoenix,
Maricopa County, City of Tucson, City of Benson, Apache Nitrogen,
Buckeye Irrigation, City of Tempe, Apache Tribes and the Verde
Valley who did so to preserve their right of cross-examination but
who did not intend to offer any expert testimony and had not
submitted reports.

On January 27, 1994 the groundwater users filed a
disclosure statement indicating for the first time a claim that the
parameters of the "subflow" zone would be defined by the lateral
limits of what they called the "post-1880 entrenchment" rather than
what they reported previously in Dr. Montgomery's Report of
December 14, 1994. During the ten days of the hearing the "post-
1880 entrenchment" theory became the focal point of their position.

Oon Monday, January 31, 1994 this Court commenced ten days
of evidentiary testimony taken from ten different geologists and
hydrologists. March 3 and 4, 1994 were spent on a field trip to
the San Pedro itself. (Two hundred eighteen exhibits were then
received in evidence.) Before testimony started, two sides
presented oral motions to exclude the other's testimony. The
groundwater users requested exclusion of all testimony as to
younger alluvium arguing that "In re Gila" precluded it. salt
River Project, the United States and the Tribes argued to exclude
any testimony as to the "post-1880 entrenchment® theory because it

Docket Number Continued Page _3
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was revealed only two court days before the hearing. Both motions
were denied for the reasons stated on the record.

Testimony started on January 31, 1994 with Jon R. Ford
for Salt River Project who was followed by Dr. Thomas Maddock, III,
of the University of Arizona for the Nature Conservancy, Oliver S.
Page for the United States, and T. Allen Gookin for the Gila River
Indian Community. Following them were Dr. Errol L. Montgomery and
Dr. Stanley Schumm, a geomorphologist from Colorado State
University, who presented the groundwater users' position. William
Wellendorf, David Stephenson and Michael Lacey followed for certain
cities on February 10, 1994. Testimony then ended on February 15,
1994 with two days of Steve Erb, Chief of the Adjudication Section
of ADWR.

In the testimony it soon became apparent that almost none
of the experts had done any recent physical investigation on the
San Pedro. What they presented largely were literature searches
and investigation of their own or others' prior reports. No
drilling or soils investigation had occurred. The Court, based on
its own prior experience as counsel for the Arizona Department of
Transportation (ADOT), recalled that the materials division of ADOT
keeps a detailed index of all soils investigation made for highways
constructed, bridges built and materials pits utilized for its
construction in every part of this state. Since there were highways
all over the San Pedro Valley, the Court had ADWR contact ADOT and
discovered that it had drill logs available for the two interstate
highway bridges at Benson in the San Pedro River, the bridge over
the river at Charleston and the bridge at Lewis Springs. These
were secured and copies made available to all parties for their use
and interpretation. (These were marked as exhibits 236, 237, 238
and 239 and testified to extensively by Dr. Montgomery, Steve Erb
and others). While a number of witnesses testified about opinions
based upon well-driller logs of record at ADWR, after receiving the
ADOT logs the United States, Salt River Project and groundwater
users moved extensive drilling equipment into the area and drilled
several sites in both the upper and lower reaches of the river.
The information derived from these drilling programs plus
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interpretation of the ADOT drilling logs is contained in the
rebuttal affidavits filed by Jon R. Ford, Oliver S. Page and
Errol L. Montgomery. These were filed in lieu of further rebuttal
testimony.

On March 3 and 4, 1994 the Court and a large number of
counsel embarked on a two-day, 595-mile field trip covering the
entire San Pedro Valley and visited more than 13 sites. There each
expert was permitted to explain the geology and hydrology of the
site. This was recorded by audio tape, transcribed and filed of
record. It is 258 pages because at nearly every site discussion
was lengthy, often at odds, and sometimes heated. The statements
were first made by witnesses previously sworn at the hearings; but,
by consent, statements were also taken from others including
several 1long-time residents who were witnesses to facts of
historical significance with regard to the river. These were Jack
Smallhouse, a rancher in the area of Reddington whose family
resided and ranched the area since 1880; Barbara Clark, a resident
at Cascabel who had resided in the present location adjacent to the
river for about twenty years; and Ben Lomeli, a hydrologist for BIM
who is a ranger for the San Pedro River Riparian Conservation Area.
A detailed discussion of the trip is contained in this Court's
minute entry of March 11, 1994.

At the conclusion of the hearing on February 15, 1994,
the Court established a schedule for briefing. Principal 1lead
counsel were to file their briefs by March 18, 1994. Others were
to reply by March 25, 1994. After this was done, the groundwater
users filed a Motion to File a Reply Brief and a request for oral
argument. Salt River Project and the United States moved to strike
and deny. The Court allowed those late briefs to stand but denied
oral argument. More than enough had been said and written.

Later, as will be explained on pages 39 to 42 of this
decision, it became necessary that a supplementary evidentiary
hearing be held. It related to a comparison of aerial photography
of the San Pedro River taken in 1935 and 1990. When this Court
became aware of this material, it asked ADWR to carry out a study
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comparing the physical features of the river shown on this aerial
photography which was taken fifty-five years apart. The request
was to look for any changes in the location or size of the
principal channel of the river or the riparian vegetation areas
adjacent to the river. This hearing occurred on June 14 and
June 15, 1994. Four witnesses were heard from and 83 additional
exhibits were admitted.

Prior to and since that hearing this Court has reviewed
all of the testimony given, all of the exhibits, participated fully
in the field trip and read all of the briefs. It also re-examined
the testimony and exhibits of the 1987 evidentiary hearing on the
relationship of groundwater to surface water. It finds a
sufficient foundation of facts needed to rule on the issues
presented. Because one of the criticisms of this Court's prior
instruction to ADWR on the "50%/90-day"™ rule was a lack of
evidentiary record to support it, this order will be necessarily
lengthy.

THE REASONING PROCESS WHICH LED US HERE

\ Having discussed the nature of the proceedings from
July 27, 1993 to date, it should help to understand the decision
which follows to review the thought processes which brought us
here.

This McCarran Act adjudication began as a 3judicial
process in 1979. It combines an adjudication of rights under
Arizona law of prior appropriation for surface water sources,
"Southwest Cotton," with the non-prescriptive right under state law
to reasonable use of groundwater, Bristor v. Cheatham, 75 Ariz.
227, 255 P.2d 173 (1953), with federal law on the rights of federal
entities and Indian tribes to use both surface and groundwater for
the purpose of the federal entity and/or reservation creation.
Cappaert v. U.S., 420 U.S. 128, 965 Ct. 2062, 48 L.Ed.2d 523
(1978). It must deal not only with rights derived from actual use
under state law, but with priorities of rights reserved to federal
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entities and reservations under federal law because the United
States is not only the owner but the Trustee of those lands,
Winters v. U.S., supra.

Unfortunately, from 1979 to 1983 this case was involved
in a jurisdictional dispute which was not resolved until 1983 in
Arizona v. San Carlos Apache Tribe of Arijzona, 463 U.S. 545, 103
S.Ct. 3201, 72 L.Ed.2d 837 (1983). After that, it took a great
deal of time to bring the Hydrographic Survey Report (HSR)
activities of ADWR to the point where the voluminous reports needed
could be readied for judicial analysis and decision. Considering
the size of the Gila watershed, its numerous sub-watersheds, the
number of claimants (approximately 24,000), and the diversity of
interests, that should not be surprising. While the investigation
for the reports was being carried out and reports prepared, the
Court, in order to use its time efficiently, attempted to hear and
decide major issues which were not factually oriented. As a
result, the Court issued a series of pretrial management orders and
decisions including the ruling of September 9, 1988 which included
the "50%/90-day" rule. As stated in "In re Gila," P. 384 of 175
Ariz:

"For five days in October, 1987, the trial
court held hearings on the relationship
between surface water and groundwater.
Hydrologists and hydrological engineers
testified and submitted reports on the
relation between ground and surface water in
general, and in the San Pedro and Santa Cruz
watersheds in particular. The hearings were
for the general education of all parties and
the court, but the material adduced at the
hearing was to be considered evidence on which
the court could rely when appropriate."

A review of the exhibits and testimony of that hearing

reflects the issue of "subflow" or how it could be physically
located was not the focus of those hearings. Rather, it was a
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hearing as to the general relationship of surface flow to
groundwater of all types. Then, and even at this latest hearing,
the consensus of all testimony was that there is a hydraulic
connection between nearly all groundwater and the surface flow in
its area except where: 1) a confined aquifer is sealed off from
surrounding basin fill or floodplain alluvium by substantial
impervious layers such as clay which precludes the connection; or,
2) a groundwater aquifer is beneath an ephemeral stream and the
"vadose" dry zone between the stream and the top of the aquifer
substantially precludes connection.

Following the 1987 hearings, several cities filed a
motion to exclude certain wells from the adjudication arguing they
pumped percolating groundwater rather than surface flow or
"subflow" under "Southwest Cotton." It was at this point that the
"subflow" issue first significantly arose in this case and the
Court's instruction to ADWR on the "50%/90-day" rule was issued on
September 9, 1988. While "In re Gila" is correct in that there was
no substantial evidentiary basis for that instruction, the reason
for it was that the 1987 hearings did not focus on "subflow."

In dealing with the issue of "subflow" as raised in
"Southwest Cotton," the hearings held in January, February, March
and June 1994 specifically focused on it. All its testimony
related directly to that issue and the issue of "cones of

depression."

Another fact needs to be recognized. On page 391 of 175
Arizona Reports, the following statement appears:

"The trial court instructed DWR to apply the
50%/90 day test to all wells located in or

near the younger alluvium. The record shows,

however, that in a given area the youndger
luvium may stretch (o) e ne to dge
ine so at all w s in the va WO

in or nea unger allu ." (emphasis

supplied)
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The position of the second sentence that "younger
alluvium may stretch from ridge line to ridge line" is factually
unsupported. Every witness who testified in this hearing agreed
that "younger alluvium" "Holocene alluvium" or "floodplain
alluvium" (different names for the same thing) is found only in the
center of this broad valley. It does not come even close to the
ridge line in the upper or lower basins of this valley. Those
ridge lines constitute the top of the Huachuca and Whetstone
Mountains to the west and the Dragoon and Mule Mountains to the
east in the upper basin from the border to Pomerene. The valley in
this area is a basin fifteen to twenty miles wide.

If one proceeds geologically from the ridge line of the
mountains down toward the center of the valley one encounters first
substantial rock face, then some distance from the top and
generally at their base the edge of the basin fill deposits. These
divide geologically into an upper and lower basin fill.

Moving further toward the center of the valley one
encounters the edge of what this Court will call the floodplain
alluvium near the center of the valley. It is made up of those
deposits laid down since the end of the "Ice Age." Its width is up
to 7,000 feet in the upper basin and much narrower in the lower
basin which runs from Pomerene north to Winkelman. There the ridge
line is the top of Rincon and Tortilla Mountains to the west and
the Winchester and Galloros to the east. The same geologic
sequence of ridge line, rock face, basin fill, and finally
floodplain alluvium is also found in the lower basin.

Most aquifer recharge occurs at the line of mountain
front recharge. This is where the basin fill meets the rock face.
It is generally thousands of feet below the ridge line and miles
from the floodplain alluvium. The graphic portrayal which follows
shows this relationship.

Docket Number Continued Page _9
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Figure 2-3. Generalized cross-section of aquifers systems.

Copy of Page 13 of Exhibit 10.
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THE SAN PEDRO RIVER

While the issues to be decided pertain to watersheds all
over the Gila River watershed, the facts as to the San Pedro River
need to be discussed. :

The San Pedro River Valley is in the basin and range
portion of southeast Arizona. It is oriented from south to north
and flows from Cananea, Sonora, Mexico, to Winkelman. The valley's
elevation ranges from 9,500 feet at its mountain tops to 1,920 feet
at Winkelman. At the international border it is at 4,275 feet and
drops to 3,590 feet at the narrows near Benson. In the United
States the San Pedro River runs about 52 miles from the border to
Benson and another 80 miles to Winkelman for a total of 132 miles.
Its overall rate of drop is about 18 feet per mile but in the upper
basin it is 13 feet per mile and 20 feet per mile in the lower
basin.

According to the HSR prepared by ADWR, Table 4-12, the
river naturally and normally produces approximately 160,000 acre
feet of surface water per year. Approximately 64,000 acre feet is
used by various cultural uses such as irrigation, mining, domestic,
municipal, etc. Another 5,620 acre feet is lost to evaporation and
52,000 acre feet is used by the phreatophytes such as willow,
cottonwood and mesquite which make up its riparian forests. This
leaves about 58,000 acre feet of outflow both by groundwater and
surface water at Winkelman into the Gila River system after
recharge and return from some of the cultural and natural uses.
Dr. Montgomery, in his October 2, 1987 Report for the earlier
hearing (exhibit 11 of that hearing), reported on page 2 that the
lower basin of the San Pedro alone had water storage capacity of 30
million acre feet in its aquifers. ADWR estimated in the HSR that
the storage capacity of the San Pedro Aquifer both upper and lower

Docket Number Continued Page _ 12
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was 84 million acre feet. Attached as Appendix A is that portion
of this river's HSR which estimates its groundwater storage
capacity by sub-watersheds and in total. Also attached is the
water balance portion of the HSR and the aquifer storage estimate
(Appendix B and C-1, C-2, C-3). In comparing these capacities to
what appears to be a relatively low surface flow component, it is
clear this river value as a water asset is largely in its storage
capacity rather than its surface flow.

An important and unexpected bit of evidence in our case
was exhibit 190, Geological Society of American monograph entitled
"Entrenchment and Widening of the Upper San Pedro River, Arizona"
written by Richard Hereford, a direct descendant of the founder of
the town of Hereford. He provides an interesting history prior to
development and post-development of the upper basin from the border
to st. David. Basically what he reports is that prior to 1880 the
San Pedro was a slow, swamp-like river running through various
cienegas abundantly filled with large buffalo fish and beaver dams.
The swamp-like conditions caused malaria in the early St. David
settlements until breaching the beaver dams allowed the swamps to
drain. The areas beside the river were large grassy plains with
little riparian forestation. A picture of the bridge at Hereford
in 1908 is shown on page 15 of exhibit 190. It shows no trees in
the area and a large grassy plain next to a stream entrenched a few
feet below the surface of the adjoining grasslands. oOn our field
trip on March 3, 1994 we found a virtual forest of riparian growth
nearly a mile wide.
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Figure 14. Photograph of the Hereford bridge in 1908 showing entrenched channel. Vlew is upstream.
Photograph from Bisbee Mining and Historical Museum.

Exhibit 190 page 15.

In Hereford's Report, page 19, there are pictures taken
at the Palominas bridge in 1939 and 1991 which also show the very

recent heavy phreatophyte forestation.

The Court'!'s recent

visitation to the area indicated even heavier growth and a channel
significantly narrower from that shown even in the 1991 photo. On
March 3, 1994 the Court found a lengthy three-span highway bridge,
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but a channel so narrow that one could jump across it, as several
did, lodged against the eastern span of the bridge in the two
pictures (one taken in 1939 and the other in 1991) that follow.

Exhibit 190 page 19.
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| nas bridge; view is upstream. (A) Photograph taken in 1939 (from Special Collecﬁons,
University of Arizona, Tucson); (B) 1991. Dense riparian vegetation has developed in the channel.

t

Exhibit 190 page 19.

The reports and testimony all indicate a vastly different

river environment up to 1880.

Thereafter, significant overgrazing

of the grass cover, removal of most of the upland trees for mine
and charcoal use, climatic changes, phreatophyte growth and even,

it is claimed,

an earthquake in Mexico drastically changed this

valley. The vast herds of cattle of the late 1800s and early 1900s
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stripped most of the grassland cover from the adjacent parts of the
lower basin allowing significant erosion and phreatophyte
infestation. The climate changes and overgrazing helped change the
river from a slow-moving, marsh, swamp, cienega-like environment to
one where heavy flash floods through narrowed channels could cause
deep entrenchment and deposition. However, as Hereford reports,
this entrenchment occurred mostly at times of significant flood,
and nearly all of the new deposition occurred post-1937.

"The post entrenchment deposits of the San
Pedro River are confined entirely within the
entrenched channel; most were formed after
1937." (p. 19 of exhibit 190)

A view of the diagrams and photographs of the reports
supports the positions of Ford, Page, Gookin and Erb that the
"post-1880 entrenchment" of this river is simply the latest subset
of a depositional process which began after the "Ice Age" and
continued to date. It provides the most recent layer added to what
is generally called the "Holocene" alluvium. Of all the
photographs of importance in the Hereford Report, figure 11, page
12 clearly show that a deposition of flood-bank alluvium which,
according to Hereford, is as recent as 1955. It is not as highly
permeable or clay free as witnesses for the groundwater users urged
in attempting to contrast the same with the general Holocene
alluvium unit in which this latest deposition layer is inset. 1In
a bank of no more than 6 or 7 feet there are six layers of clay
showing recurring periods of deposition. Moreover, other
photographs which are designated as figures 3, 4, 11 and 12
(exhibit 190) show a high degree of comparability between units of
pre- and post-entrenchment depositions. Copies of these
photographs follow.
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Figure 11. Photograph of cutbank exposure of older floodplain alluvium (unit f;) on west side of river 1
km south of Lewis Springs. Downstream to right. Thin dark layers are silty clay. Scale divisions = 10 cm.
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Exhibit 190 pages 8 and 12.
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Figure 12. Photograph showing cutbank exposure of younger floodplain (unit f,) alluvium with truck
tire 0.6 km south-southwest of Contention. Scale divisions = 20 cm.

Exhibit 190 page 12.
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Figure 4. Photograph showing the geomorphic and cut-and-fill stratigraphic relation of the post- and
pre-entrenchment alluvium on the east side of the river 3.2 km north of the Charleston gaging station.
Postentrenchment alluvium (unit t;) forms the lower surface on the left side of the photograph. Upper
surface is the pre-entrenchment McCool Ranch alluvium (unit t,,) overlain by Teviston alluvium. Note
truncation of beds in the older unit. Map units discussed in text. Scale divisions = 20 cm.
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Figure 2. Geologic cross section showing correlation of surficial deposits and geomorphology of the
inner valley of the San Pedro River in the vicinity of Lewis Springs. The geologic relations, geomor-
phology, and deposits are typical of the study area.

Exhibit 190 pages 6 and 8.
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Upper San Pedro River, Arizona

Figure 3. Photograph of a typical exposure of the pre-entrenchme:
Upper Holocene Teviston alluvium overlying the McCool Ranch alluvium of Haynes (1987). Note the
dark bed of cienega-type deposits near top of scale. Subhorizontal line shows contact between the
alluviums. Scale divisions = 20 cm.
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HYDROLOGIC PRINCIPLES

Hydrology is the study of the properties of water. It is
a multi-disciplined science encompassing the study of physics,
chemistry, geology, geography and climatology. Like many sciences ’
it depends upon the acceptance of certain principles agreed upon by
most hydrologists. To understand the evidence received one should
understand the hydrologic principles to which all the witnesses
agreed.

ADWR's Report of December 15, 1993 (pages 4 to 19,
exhibit 10) states them as follows:

Hydrologic Overview

"The alluvial basins of the arid West are
integrated hydrologic systems composed of
surface water and groundwater components.
Water in these systems flows from areas of
high elevation to areas of lower elevation
along a path of greatest slope under the
influence of gravity. Major perennial or
intermittent streams occur in the central
portion of the alluvial basin, occupying the
lowest areas of the basin floor, flowing along
the slope of the basin. The perennial or
intermittent stream is typically surrounded by
younger alluvium. Surface flow in the stream
is derived from runoff from precipitation and
groundwater discharge. Groundwater flows in
unconsolidated and consolidated aquifers from
the mountain fronts at the margins of the
basin toward the center, occupied by the
younger alluvium and the stream. Upon nearing
the center of the basin in the vicinity of the
younger alluvium, groundwater flows under the
influence of the basin slope, in the same
direction as the stream.
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The physical character of groundwater and
surface water in the vicinity of the younger
alluvium is often identical. Surface water
and groundwater in the area occupy the same
geologic space and flow in the same direction
along the slope of the basin. There is free
interaction between groundwater and surface
water; groundwater in the younger alluvium
contributes to the surface flow and the
surface flow recharges the younger alluvium.
Distinguishing between groundwater and surface
water in the vicinity of the younger alluvium
in hydrologic terms to derive a legal standard
is problematic and a byproduct of Arizona's
bifurcated legal system." (pages 4-5)

Stream Types
"surface water streams fall into one of
three types: perennial, intermittent, or

ephemeral. The type of stream is indicative
of the extent of groundwater/surface water
interactions taking place." (page 6)

"Perennial streams discharge water
continuously through the year. Their source
of supply is normally comprised of both direct
runoff from precipitation events or snow melt,
and baseflow derived from the discharge of
groundwater into the stream." (page 6)

"Intermittent streams discharge water for
long periods of time, but seasonally. For
example, an intermittent stream may flow all
winter, every winter, but never flow
continuously during the summer. During
seasons when baseflow is maintained,
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groundwater is contributing to the stream.
During seasons of discontinuous streamflow,
natural and cultural losses may be greater
than the contribution from groundwater,
resulting in a losing stream. Or, the amount
of groundwater discharge itself may have
decreased due to natural or cultural uses."

(page 6)

"Ephemeral streams discharge water only
in response to precipitation events or
snowmelt, and do not have a baseflow component
at any time of the year; they flow out
sporadically. The groundwater system and
surface water system do not establish a
hydraulic connection in these systems."

(page 9)

Aquifer es

"Aquifers are saturated geologic units
that can transmit significant quantities of
water under ordinary hydraulic gradients....
There are three types of aquifers identified
in this study: younger alluvium, tributary
aquifers, and nontributary aquifers. While
these aquifers are distinct hydrogeologic
units, they are interrelated parts of the
dynamic groundwater system." (page 10)

Younger Alluvium

"In the Gila River system, younger
alluvium aquifers are unconsolidated sand and
gravel deposited within the channel course of
perennial or intermittent streams by the
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stream itself.... Groundwater in the younger
alluvium is derived in large part directly
from the stream systen. The hydraulic
gradients and groundwater flow directions are
similar to the associated surface water
stream. The groundwater table elevation in
the younger alluvium is at or near the surface
elevation of the stream.

The younger alluvium is a relatively thin
aquifer. In the San Pedro river ([sic]
watershed, the younger alluvium ranges from
approximately 10 to 200 feet thick. Also, the
younger alluvium occupies only very narrow
portions of the alluvial basins within the
Gila River system."

"The younger alluvium occurs within, and
defines, the channel of ©perennial and
intermittent streams in the Gila River systen.
It underlies and 1laterally grounds the
associated stream and is a hydrogeologic
feature of the stream. The material that
comprises the younger alluvium was deposited
by the stream in the recent geologic past.™

(page 10)

"Conceptually, the stream builds its
channel through scouring and fills it by
deposition, thus creating the younger
alluvium. Throughout geologic time, river
systems have complex scouring and depositional
histories as a result of the external and
internal forces at work within the system....
These processes proceed at a geologic pace and

Docket Number Continued Page _25



r
SUPERIOR COURT OF ARIZONA
MARICOPA COUNTY

L CLERK OF THE COURT

June 30, 1994 HON. STANLEY Z. GOODFARB K. Abbott
Deputy

N W-1, W-2, W=-3, W-4
In Re The Adjudication of: Continued

are continuing today, defining the younger
alluvium." (page 11)

Tributary Aquifers

"Tributary aquifers occur between
impermeable mountain fronts and younger
alluvium. They receive water from mountain
front recharge and infiltration from runoff.
The aquifers are in direct hydraulic
connection with younger alluvium and transmit
water to younger alluvium. The tributary
aquifers normally have hydraulic gradients
distinct from the hydraulic gradient of
surface water streams and have flow directions
toward surface water streams unless altered by
well pumping." (page 11)

Nontributary Aquifers

"Nontributary aquifers are located in
isolated groundwater basins surrounded almost
entirely by impermeable hardrock with
relatively narrow connections to other
groundwater basins and aquifers. Nontributary
aquifers have no hydraulic connection with
either the younger alluvium or tributary
aquifers. Any stream overlying a nontributary
aquifer is ephemeral." (page 12)

Aquifer Flow Characteristics

"Aquifers are more than just reservoirs
of groundwater. They are dynamic systems that
receive inflows of groundwater, transmit
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groundwater and, in some cases, discharge
groundwater to surface streams.... The inflow
of water recharge occurs from the infiltration
along mountain fronts and stream channels, and
from infiltration of excess water from
cultural uses. Aquifers that border high
mountains normally receive significant
mountain front recharge and recharge from
streamflow infiltration. Aquifers that
underlie large areas of agricultural
irrigation experience significant recharge
incidental to the irrigation practices.

Groundwater in transit will eventually
discharge to a stream if not first withdrawn
by natural (plant 1life) or cultural uses
(pumpage from wells)." (page 12)

"There are four types of. groundwater/
surface water interactions in the Gila River
system: Alluvial valley streams, alluvial
valley streams with confined zones, bedrock
canyon streams, and mountain front streams."

(page 14)

Alluvial Valley Streamg

"Alluvial valley streams are perennial or
intermittent streams that flow in alluvial
basins and are underlain and bounded by
younger alluvium. The alluvial basin is a
structural trough filled with unconsolidated
sediments derived from the adjacent mountains.
These unconsolidated sediments are generally
referred to as basin fill deposits (Anderson,
and Johnson, 1985). The perennial or
intermittent stream commonly occupies a narrow
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inner valley, composed of younger alluvium,
which includes the dynamic channel of the
stream.

A generalized cross-section of an
alluvial valley stream segment is shown in
Figure 2-4a. As depicted in this figure, the
younger alluvium and perennial stream occupy
the inner valley.

Pigure 2-4a. Generalized cross-section of allvuial valley stream segments.

Z Z Z z

Page 15 of Exhibit 10.
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The overall groundwater system within
alluvial valley stream segments has two broad
components: groundwater flowing toward the
stream system, and groundwater flowing with
the stream system. The groundwater flowing
toward the stream occurs in the tributary
aquifer. Groundwater in the younger alluvium
generally flows in the same direction as the
stream but, to a lesser degree, also from the
adjacent tributary aquifer." (pages 14-16)

Alluvial Valley Streams With Confined Zones

"Alluvial valley stream systems sometimes
contain tributary aquifers with underlying
confined zones. The confining layers in the
tributary aquifer are composed of impermeable
silt and clay (Anderson, and Johnson, 1985).
The confining layers prevent vertical movement
of water from the underlying tributary aquifer
to the overlying younger alluvium in
particular locations (Figure 2-4b), thus
interrupting direct hydraulic connection
between the two aquifers. It must be noted,
however, that these situations occur only
occasionally; whether a particular well
withdraws water only from a confined zone
should be determined on a well by well basis."

(page 16)
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Alluvial Valley Streams with Confined Zone

Pigure 2-4b. Generalized cross-section of alluvial valley streams with confined zones
Z Vi Z Z Z

Page 17 of Exhibit 10.

Bedrock Canyon Streams

"Bedrock canyon streams are perennial or
intermittent streams 1located in canyons
bounded by consolidated tributary aquifers or
impermeable bedrock." (page 16)
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Mountain Front Streams

"Mountain front streams are stream
segments in transition from bedrock canyons to
alluvial basins...." "The streams are
perennial or intermittent and are underlain
and bounded by younger alluvium. Many streams
make a transition from bedrock canyon streams,
with narrow younger alluvium bounded by hard
rock, to alluvial valley streams with younger
alluvium bounded by tributary aquifers."

(page 19)
Three other definitions need to be set out.

Vadose Zone - An unsaturated (dry) zone above the water
table (open to atmosphere) where water pressure is less than the
atmospheric pressure.

Permeability - The rate of hydraulic conductivity of the
material the water is passing through (refers to aquifer).

Transmissivity - The rate of hydraulic conductivity
multiplied by the height of the geologic unit it is contained in.

WHAT DOES "IN RE GILA"™ REQUIRE

Unfortunately, the term "subflow," which "In re Gila"
deals with, has no scientific meaning in the vocabulary of
hydrologists or geologists. It is a term only lawyers and judges
use. Every witness said that. All we can do is apply their
scientific principles to find a reasonable factual basis in which
to enwrap the legal concept of "subflow." To do that we must
review the language of "In re Gila."

On page 388 of 175 Ariz., the Court quoted with approval
the following from "Southwest Cotton":
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"there cannot be any abstraction of the water
of the underflow without abstracting a
corresponding amount from the surface stream,
for the reason that the water from the surface
stream must necessarlly fill the loose, porous
material of its bed to the point of complete
saturation before there can be any surface
flow.™

"The test is always the same: Does drawing
off the subsurface water tend to diminish
appreciably and directly the flow of the
surface stream? If it does, it is subflow.™

On page 391 it says of "Southwest Cotton":

"It seems clear that the court considered
subflow and tributary groundwater to be two
different classes of underground water. The
former is subject to appropriation under the
predecessor of A.R.S. § 45-141(A); the latter
is not."

On page 390 the present court quotes Kinney's 1912 work
on "The Law of Irrigation and Water Rights"™ that "subflow" is
"strictly confined to the river bottom®™ and "the water must be
within the bed of the surface stream itself."” Yet on page 391 of
175 Ariz., the case states an opinion more in conformity with
present science and at odds with Kinney's narrow-bed theory:

"We believe the Southwest Cotton court drew a
line between subflow as part of the stream and
water in the surrounding alluvium that is
either discharging into the stream or being
discharged by the stream. That 1line is
relatively close to the stream bed, with
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variations depending on the volume of stream
flow and other variables. Thus, if a well is
drawing water from the bed of a stream, or
from the area immediately adjacent to a
stream, and that water is more closely related
to the stream than to the surrounding
alluvium, as determined by appropriate
criteria, the well is directly depleting the
stream. If the extent of depletion is
measurable, it is appreciable. This is not an
all-or-nothing proposition. For example, 1if
the cone of depression of a well has expanded
to the point that it intercepts a stream beqd,
it almost certainly will be pumping subflow.
At the same time, however, it may be drawing
water from the surrounding alluvium. Thus,
part of its production may be appropriable
subflow and part of it may not. Even though
only a part of its production is appropriable
water, that well should be included in the
general adjudication."

Moreover, the present court said on page 391,

"To say that all of an alluvial valley's wells
may be pumping subflow is at odds with
Southwest Cotton's statement that subflow is
found within or immediately adjacent to the
stream bed."

The sentence quoted is dependent upon the previous sentence which
states,

"The record shows, however, that in a given
area the younger alluvium may stretch from
ridge line to ridge line so that all wells in
the valley would be in or near the younger
alluvium."®
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As stated before, every witness found that statement not
scientifically supportable. It violates general principles of
geology and hydrology. Therefore, this trial court must suggest,
based on the evidence before it, that at least some portion of the
wells in a valley's alluvium must be pumping "subflow"™ or their
"cones of depression" have reached the "subflow" area. Therefore,
they are depleting the surface flow as indicated by the previous
quotation on pages 32 and 33 which discusses the surface flow's
tendency to fill the loose, porous material of its bed. The only
logical and rational way the "Southwest Cotton" and "In re Gila"
theories as to "subflow" can be made consistent with the scientific
principles testified to is to turn to the tests on page 392 of 175
Ariz. where the Supreme Court itself urged of flow direction,

elevation, gradient and chemical composition.

"Whether a well is pumping subflow does not
turn on whether it depletes a stream by some
particular amount in a given period of time.
As we stated above, it turns on whether the
well is pumping water that is more closely
associated with the stream than with the
surrounding alluvium. For example, comparison
of such characteristics as elevation,
gradient, and perhaps chemical makeup can be
made. Flow direction can be an indicator. If
the water flows in the same general direction
as the stream, it is more likely related to
the stream. On the other hand, if it flows
toward or away from the stream, it likely is
related to the surrounding alluvium.™

If we add to those tests the concept that if a "subflow"
zone can be differentiated from adjacent geologic units such as
tributary aquifers and the basin-fill aquifer which discharge into
it or receive discharge from it, a set of principles can be
developed to define "subflow" and still be consistent with
"Southwest Cotton™ and science.
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DEFINING "“SUBFLOWY

A. General Principles

The briefs filed, except for that of the Nature
Conservancy, take a position of 1) a narrow band defined by the
edge of the river principal channel, or 2) a slightly larger post-
1880 depositional layer, or 3) the edge of the central valley's
younger alluvium. The Nature Conservancy offers two solutions, the
first geologic and the second solution provided by the area's
natural vegetation, the growth of phreatophytic plants located in
the riparian zone. Consideration of all of these proposals does
not require an "either/or" solution. Rather, it provides an
opportunity to use a building-block method to find proper
parameters of the "subflow" zone laterally and vertically. This
Court will attempt to do this by going from the narrowest to the
widest zone, and for each asking whether it can be a part of a
wider zone or does it define the absolute limits of "subflow."

Before discussing the conflict between different sides or
proposals, the Court finds that the opinion of "In re Gila" and the
evidence which was uncontested requires that any "subflow" zone
must be defined by at least the following principles:

1. The "subflow" zone must be adjacent and beneath a
perennial or intermittent strean.

2. It may not be adjacent or beneath an ephemeral
stream. However, it may be adjacent or beneath an ephemeral
section of a perennial or intermittent stream, if the ephemeral
section 1is caused by adjacent surface water diversion or
groundwater pumping. There must, however, be a saturated zone
beneath connected to similar zones beneath the upper and lower
perennial or intermittent stream sections.

3. Except as set forth in paragraph 2 above, there must

be a hydraulic connection between the surface stream and the
"subflow" 2zone.
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4. The "subflow" zone must be distinguished from
adjacent tributary aquifers or connecting basin fill.

5. The parameters of the "subflow" zone, if it is to be
defined by reference to the saturated floodplain alluvium, Holocene
alluvium, or younger alluvium, must be outside of and not include
those tributary alluvial deposits known as "inliers" as indicated
in figure 6 of the Stetson Report (exhibit 2).

6. Wells which are located in but perforated below the
saturated floodplain alluvium aquifer are to be included in the
"subflow" component unless these perforations are proven by their
owners to be below a confining zone of impermeable material such as
clay as the inevitable "draw-down" of the well must affect the
"subflow zone" above the perforation.

7. Wells located outside the lateral parameters of the
defined "subflow" zone are not included unless it is proven that
their "cones of depression" reach the "subflow" zone and the
drawdown from the well affects the volume of surface and "subflow"
in such an appreciable amount that it is capable of measurement.

B. dge of the Principal or ami h

The reports of Don Young for the State and William G.
Wellendorf for the Town of Mammoth and the Gila Valley Irrigation
District (exhibits 5 and 8) propose the narrowest of the "subflow"
zones, to wit: the edge of the bed of the principal channel which,
interestingly enough, Mr. Wellendorf defines as the "Holocene"
channel as contrasted to Dr. Montgomery's "post-1880 entrenchment."®
Within its banks the low-flow stream meanders back and forth in
large figure "S" curves. These banks are defined by the highest
flows of one- to three-year flood cycles. ‘

The sole merit of these proposals is the banks or edges
of the channel are easily found on aerial photography: "just look
for the white sand." He frankly admitted on June 1, 1994 that all
he did was use the contour lines on the U.S.G.S. quad maps for the
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basin and little else. These contour lines bear no relationship to
any geologic difference in the formation. Wellendorf's testimony
clearly showed a theory of using the most easily found ground
feature and then dealing with the real problems of surface water
depletion on a case-by-case method by determining the extent of
each well's '"cone of depression.” The problem with any proposal
which emphasizes "cone of depression" solutions over finding an
adequate "subflow" zone is that the determination of a well's "cone
of depression" is a very complicated, difficult and expensive
process. This is seen in the confrontational testimony of
Montgomery, Ford and Page on how to use the various computer-
program techniques and which program is more accurate or useful.
All, however, agreed that "cone of depression" analysis is
expensive and complicated, and that the assumptions necessary and
the frequent lack of data to support such computer techniques
reduce the reliability significantly.

Even witness Wellendorf agrees as is seen in this
discussion between himself and the Court as reported on pages 64
and 65 of Volume VIII of the hearing transcript:

"THE COURT: Did you not make this
statement on page 6 of your report, the last
sentence of the middle paragraph: 'While
empirical techniques exist to numerically
model this technique, heterogeneities known to
exist in aquifers quickly reduce the
effectiveness of these techniques.'

I probably mispronouncead
'heterogeneities.' 1Is that correct?

THE WITNESS: Yes.
THE COURT: What in fact you're basically
telling wus is that the technique of

determining cones of depression, particularly
when the elevation of the water level is not
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flat all the way across but is sloping down to
the river and maybe [sic] sloping the other
way naturally, is subject to a number of
assumptions that make it very difficult.

THE WITNESS: Correct.

THE COURT: So from your standpoint of
what you've done, you've given us the
narrowest subflow zone and set up the most
complex method of determining what we're going
to set up in this adjudication, because you
are going to have to determine individually
whether or not each well has a cone of
depression which hits either your subflow zone
or the stream flow, isn't that correct?

THE WITNESS: Yes."

Also, witnesses agreed no one with any common sense
locates a well in the channel where the flooding expected on a one-
to three-year basis can destroy the well's mechanical and
electrical functions. Therefore, to utilize a method which would
put every single well in the basin outside the "subflow" zone--even
where a well sits on the banks of the river 10 to 20 feet from its
flow--presents a danger of turning this adjudication into a totally
meaningless activity while the river is slowly sucked dry like the
Santa Cruz River.

While Mr. Young suggests the vertical limits of his
"subflow" zone are the top of the older alluvium or bedrock where
no older alluvium exists, Wellendorf's vertical limit is almost
impossible to find especially if one looks at his figure 2 exhibit
of "Holocene Cross Channel Cross Section and Complete Fining Upward
Sequence" (see exhibit 8). He appears to place his vertical bottom
at bedrock. The testimony of this hearing indicated deep alluvial
and basin-fill deposition. There was no testimony of how far it is
to bedrock. The only limit is the HSR use of a 1,200 foot fill to
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determine the aquifer capacity of 85 million acre feet. The
question then must be asked, "Why not the same basis for choosing
the lateral limits as those used to choose the vertical limits?"
When we note that what these two experts had done was draw a

hypothetical line down the middle of the same geological unit, we
must realize that their lateral 1limits have no geological,

If that weren't enough, the real problem of this proposal
is that the location of today's principal channel boundaries have
no stability all as admitted by Mr. Wellendorf on page 78, line 8
to 23:

"THE COURT: Let me ask you two other
questions because of what she brought up. Dr.
Montgomery suggested that the principal
channel, while probably somewhat stabilized
today, has previously had and does still have
some meander effect as compared to his theory
of post-entrenchment alluvium. Would you
agree with that?

THE WITNESS: Yes.

THE COURT: So that the channel is
subject to being moved by high floods, high
flows and things of that nature.

THE WITNESS: Yes, I think it would take
a pretty major event.

THE COURT: Like some of the floods that
are mentioned in Hereford's report?

THE WITNESS: Yes."

At the Paul Sale property near Winkelman on March 4, 1994, Mr. Sale
explained how the 1983 flood had moved the channel 1,000 feet
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westward and wiped out 90 acres of his farm land. In 1993 the
channel moved once more. This time it ended up 500 feet eastward
after it moved westward again and took out 15 additional acres of
his pecan orchard. Further, he also pointed out the several
locations the principal channel had occupied since he had begqun
farming there in 1970 and how it had moved after the 1979, 1980,
1983 and 1993 floods.

On the last day of court testimony Steve Erb testified
how a comparison of the 1935 aerial photograph to the more recent
1990 aerial photograph showed significant changes in location of
the river channel from Pomerene north for several miles (see
exhibits 260 and 261). During his cross-examination there was a
discussion of an overall review of the 1935 aerial photography and
a comparison to the latest 1990 photographs. This was also
reviewed in a discussion on our field trip at the beginning of
March 4, 1994.

Also in the Hereford report (exhibit 190), page 8, figure
5, there is presented a clear representation of channel migration
in a large meander about 2 miles north of the Hereford bridge. It
illustrates channel movement of approximately 1,500 feet.

As a result of this, the Court requested that ADWR
compare its 1935 aerial photography with its latest 1990 photos
along the entire river and report any channel changes found. That
report now completed indicates the channel is not stable. It often
narrows and shifts significantly. The results of that study,
exhibit 365 and Appendix E1 to E3 and the map of the area of the
study (Appendix D) are attached. The study shows a single channel
widening of up to 168 feet and a narrowing in 27 locations of from
67 feet to 976 feet. It also shows 28 shifts in overall channel
location of from 66 feet to 1,200 feet.

Unfortunately none of the 1935 aerial photography was
then placed in evidence during the ten-day hearing. The same was
true of most of the 1990 aerial photography except for exhibits 260
and 261. This Court, therefore, brought the matter up at its
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monthly hearing on April 29, 1994 in the following manner as
indicated by its minute entry of that date.

"The Court, while working on the ruling
for the trial, recalled the testimony of Steve
Erb and the discussion with Mr. Sales
regarding the movement of the river at
Pomerene during the 1970, 1983 and 1993
floods. The Court requested that ADWR compare
the 1935 and 1990 aerial photographs to
determine the movement of the channel as well
as what happened to the riparian areas along
the river. The photos from 1935 are the
earliest photos except for some old historical
photos found in exhibit 190, the Hereford
Report, and the book entitled e a
Mile. ADWR did 26 transects on the river and
found a substantial narrowing of the channel.
The widest widening of the channel from 1935
to 1990 was 100 feet; the greatest narrowing
was 900 feet. There was only one instance of
widening but 25 instances of narrowing and 26
instances of substantial shifts, the largest
of which was approximately 1,000 feet. The
photographs will be available after the
hearing and Chuck Cullom will answer questions
from counsel. ADWR will have the materials
available for the next 10 days and copies are
available. The Court intends to use these
studies for its ruling. If counsel wish to
contest the results of this study, affidavits
may be filed as was done with the rebuttal
affidavits at the evidentiary hearing."

Thereafter several parties filed affidavits. Salt River
Project filed an Affidavit of Jon Ford who supports the conclusions
of ADWR and opines what appears to be a rational reason for the
narrowing of the channel to wit: vegetative growth during periods
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of low water flow, consisting of phreatophytes above the "subflow"
zone, attempts to fill in all but the low-flow channel. However,
during periods of high flow the erosive force of the floods "clean
out" these vegetative obstructions. William G. Wellendorf also
filed an Affidavit which basically criticized ADWR's technique of
photo interpretation.

Dr. Errol Montgomery also filed an Affidavit which also
attempts to critique ADWR's photo comparison method, but basically
agrees with ADWR's substantial conclusions that there is
substantive evidence of a narrowing of the principal channel from
1935 to 1990 and some shifting of its location. Basically Dr.
Montgomery's Affidavit was directed to showing that most, if not
all, of these shifts in location and size took place within the
boundaries of what he proposes for the "post-1880 entrenchment® and
deposition zone.

As the affidavits increased, there was a further request
for an evidentiary hearing and the Court agreed to hold such and
did on June 14 and 15, 1994.

The hearing produced testimony from Charles Cullom of
ADWR who did all of its reports on the comparative aerial photo
interpretation, Jon Ford for SRP, William Wellendorf for the Town
of Mammoth and Drs. Schumm and Montgomery for the groundwater
users.

While all agreed that an attempt to compare early aerial
photography (1935) to recent photography (1990) was a difficult
scientific process which could not produce exact comparisons, all
agreed that experienced analysts could determine important
information if carefully done. This Court believes all who
testified were very experienced, did a careful job and the results
were very important in that it showed:

1. The principal channel in nearly every instance where

a comparison could be made was narrowed often significantly between
1935 and 1990.
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2. When that narrowing occurred, there was often a
shift in location of the whole channel to the east or west. 1In
several instances this shift took it beyond the channel parameters
of either Wellendorf, Young, Schumm or Montgomery. See exhibits
260, 261, 313, 317, 319, 320, 324, 325, 328, 330, 331, 332, 333,
334, 335, 338, 339 and 365.

Exhibits 313 and 365 are the latest ADWR calculations of
the channel changes on the 28 transects mentioned previously.
Exhibit 331 is the calculation made by Errol L. Montgomery and
Associates, Inc. from the same aerial photography. The latter two
exhibits (365 and 331) are also attached as Appendix E-4 to E-8.
In addition to those calculations, this Court made its own
comparison of each of the aerial photographs and based on all of
the above finds:

CHANNEL MOVEMENT

DIRECTION

TRANSECT CHANNEL OF

LOCATION SIZE | FEET MOVEMENT FEET

la widen 168" east 500"

2a narrowed 207" west 491"

2b narrowved 307' east 656"
I 2c narrowed 477" east 288" I

2d narroved 104" east 143"

3a narrowed 170° east 449°

3b narrowed 439" west 429'
I 3c narrowed 398! east 530°' J
l 3d narrowved 134" east 107°*

s
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CHANNEL MOVEMENT _
DIRECTION

TRANSECT CHANNEL OF
LOCATION SIZE FEET MOVEMENT FEET

I 4a narrowed 236" east 190'

I 4b narrowed 337! west 557!
5a narrowed 100" west 64"

l 5b narrowed 630" west 541"
5¢c narrowed 62" east 964"

I 6a narrowved 134° west 234!

l 6b narrowed 100" west 1200°
6c narrowed o' west 667"

| 6d narrowed 300! east 466"
7a narrowed 367" west 700"

I 7b narrowved 200" east 500"

I 7¢ narrowed 100°' east 100°'

I 7d narrowed 133' east 133°

I 8a narrowed 966" west 900"

l 8b narrowed 400' east 366'

l 8c narrowed 200" east 233!
9a narrowed 500" east 433'
9b narrowed 800° east 500"
9c narrowed | 399' east 566"
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In spite of all of the protestations of Mr. Wellendorf
and Dr. Montgomery that, in their opinions, the channel from 1935
to 1990 was "stable," any view of the channel location as shown on
these two sets of aerial photographs taken fifty-five years apart
shows the invalidity of those opinions.

While the Court clearly finds that the Wellendorf and
Young proposal of the principal channel as the extent of the
"subflow" zone is without merit, the Court does find that the
parameter of that channel does constitute the innermost portion of
that zone.

C. "Post-1880 Entrenchment" and Deposition

The principal theory proposed by the "groundwater users"
and its supporters is the theory of Drs. Montgomery and Schumm that
"subflow" is best defined by use of the lateral limits of what they
claim is the post-1880 depositional layer and the vertical limit is
the bottom of the Holocene or the top of the basin fill.
Unfortunately, neither of their reports filed on December 14, 1993
(exhibits 6 or 7) mentioned this theory. Dr. Montgomery proposed
basically the same lateral limits as Dr. Wellendorf and Mr. Young--
a smoothed principal channel--and Dr. Schumm proposed nothing as 17
of the 19 pages of his expert report were taken up with his
"curriculum vitae." Only two court days before trial, the new
theory was revealed in a "Disclosure Statement" which presenters of
witnesses including the groundwater users did not have to file. In
spite of its late disclosure, the Court permitted the theory to be
presented and it still thinks it appropriate because the
entrenchment and deposition theory is supported by the work of
Richard Hereford (exhibit 190). However, the Hereford Report only
discusses a portion of the upper San Pedro basin. There is no
mention of the lower basin from Pomerene north. His work probably
related to the part of the basin he knew best. A copy of the map
of the area in which he worked is attached as Appendix G.

The 1lower basin is quite different physically and
geographically. This was quite evident from the field trip. The
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lower river valley is much narrower. The gradient of the stream is
steeper. There are more areas of thicker vegetation. The
mountains and adjacent foothills encroach closer to the river. The
Court has attached seven oblique aerial photographs as Appendix H,
I, J, K, L, M, and N. The first three are typical views of the
upper basin and the last four are typical of the lower basin. The
differences between the basins are quite evident in comparing the
different sets. With regard to the lower basin, the last four
photographs present a fairly clear view of where the basin fill
meets the floodplain alluvium and how the riparian vegetation can
be used to define the "subflow" zone in some areas.

This Court will not comment on the charges of lack of
credibility that the opponents of the groundwater users seem to
dwell on because of their late disclosure. This Court assumes that
Drs. Montgomery and Schumm became aware of the Hereford Report
after their initial investigation and decided that the geologic
unit which that report presented made a lot more sense than the
edges of a stream channel. This was probably for the same reasons
this Court pointed out previously. It was also easier to defend;
and one can hardly fault them for that.

Having said that, the Court believes the lack of channel
stability discussion previously set forth on pages 39 to 43 of this
Order applies equally to Montgomery and Schumm's theory as to
Wellendorf and Young's theory of the edge of the principal channel.
The "post-1880 entrenchment" and deposition theory is entirely
dependent on the deeper entrenchment of the channel after 1880. If
that channel lacks stability, it is difficult to understand how the
deposition, which takes place after such flooding entrenchment, can
have any more stability than the channel it follows. Moreover, if
as Hereford suggests, most depositional layers occurred after 1937
while the entrenchment started 50 to 57 years earlier, that
geologic unit's lateral stability must be considerably less than
that of the Holocene which started after the "Ice Age" and has been
in place 10,000 or more years. A post-1937 depositional era, at
best, is a minuscule portion of geologic time.
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When cross-examined about the lack of channel stability
as discussed previously on pages 39 to 43, Dr. Montgomery's
position was that such stability problems related only to the
physical channel itself and since he relied on the parameters of
the "post-1880 entrenchment,” the problem did not affect the
validity of his opinion. However, after viewing the 1969 infrared
aerial photograph of the area north of Benson and past Pomerene,
his exhibits 340 and 341, he had to agree that the 1935 channel was
significantly different and much of it outside of his defined
"post-entrenchment"” boundaries from the Benson railroad bridge
north to Pomerene and in the Cascabel area.

Much as Drs. Montgomery and Schumm might desire the Court
to accept these variations from where they first located this
"post-1880 entrenchment" corridor, there are other facts which
further erode their "stability" claim for this "post-1880
entrenchment" theory which are as follows:

1. The location of the original dam for the Pomerene
Canal was located in Township 17S, Range 20-21E, section 25. It is
obvious that the original dam had to be located in the channel of
the river as it was the source of the community of Pomerene's
irrigation water at that time. However, when the 1921 flood
destroyed and moved that dam downstream, it was replaced with a
newer dam in section 36 to the southwest. Yet, the Montgomery
designation of the "post-1880 entrenchment®™ defines a different
channel and fails to recognize the o0ld channel where the first dam
was. (See exhibits 86 and 319.) By measurement it is clear Dr.
Montgomery's "post-1880 entrenchment"” leaves out at least 4,000
feet of old channel, some of which is 700 to 800 feet east of their
designated "post-1880 entrenchment" corridor.

2. Also, in sections 3 and 4 of Township 15S, Range
20E, there is another large area missed in the original designation
of exhibit 88. It is now shown on exhibit 320 and was referred to
in the testimony of June 14, 1994 as an area of probably an early
attempt at an orchard.
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3. Another important area of misdesignation is the area
of the Paul Sale property, sections 5, 6 and 8 of Township 6S, 12
and 16E. (See exhibit 321 to 325 which are transparencies of the
channels boundaries as shown on the 1935, 1947, 1955 and 1990 and
most recent evolution after the 1993 floods.) In comparing these
exhibits with exhibit 91, the map on which Dr. Montgomery or his
associates drew the parameters of the "post-1880 entrenchment"
channel, it is clear they missed by nearly 1,000 feet in some
places, the east edge of channel in sections 5, 6 and 8 as shown on
the 1935 aerial photography.

Attached as Appendix 0O-1 to 0-5 are exhibits 317, 319,
320, 325 and 338 which indicate the misdesignations of the channel
in the areas of the Benson railroad bridge to the north, the dam
for the Pomerene Canal, Cascabel and the Paul Sale property.

Also, if one examines the exhibits prepared by Dr.
Montgomery's firm which are exhibits 332, 333, 334 and 335, and the
enlargements of the first three which are exhibits 347, 348 and
349, it is clear that even he agrees that at transects 2a, 2c, 3b,
3c, 34, 5a, 5b, 5¢, 6b, 6c, 64, 8a, 8b, 8c and 9b the 1935 aerial
photography shows the channels of the river as located outside of
those parameters of what he calls his "post-1880 entrenchment."
Copies of exhibits 332 to 335 are attached as Appendix 0-6 through
0-9.

Another problem with this "post-1880 entrenchment” theory
is the lack of consistency between the lateral and vertical limits
of the proposed "subflow" zone as discussed previously. Also, it
must be pointed out that with a knowledge that this post-1937
depositional layer has a thickness of from 4 to 13 feet and some of
it is "vadose" or non-saturated, we have at best a saturated post-
1937 layer of from 0 to 10 feet. In most of the river's length it
sits above or is inset in the Holocene layer. Therefore, the
Holocene layer below it must be totally saturated for the balance
of its 40 to 200 feet of depth. 1In spite of this, Drs. Montgomery
and Schumm as well as Mr. Young propose a vertical 1limit of
nsubflow" at the bottom of the Holocene and admit that any well
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which has perforations below it and in the basin f£ill will quite
quickly draw down water from the Holocene. The water pulled from
any "subflow" zone will quickly affect the volume of the surface
stream above.

A "subflow" zone defined by this post-1937 depositional
layer theory has very few wells located within its lateral limits.
This, of course, increases the number of the "cone of depression"
analyses which must be made. The problems associated with this
analysis have been previously discussed.

At the end of the first 10 days of hearings, Drs.
Montgomery and Schumm finally hung their hats on two principal
claims:

1. The post-1880 or post-1937 depositional layers are
significantly more permeable than the Holocene; and,

2. The Holocene is cemented in a way that bonds the
sand, gravel and boulders into a consolidated mass through which
less water can pass.

However, the testimony of Dr. Maddock, Steve Erb, Jon
Ford, Oliver Page and Allan Gookin are all in direct conflict with
those claims. Further, the drill logs of the recent drilling by
Ford and Page disprove this theory as did ADWR's interpretation of
the ADOT drill logs on the bridges on I-10 at Benson and the
Charleston and Lewis Springs bridges. This is also true of other
well logs in the area including the well logs of the Magma wells at
site number 11 on our field trip 5 miles south of Mammoth (see the
rebuttal affidavits of Ford and Page, exhibits B, C and D attached
to the salt River Project Post-Hearing Brief of March 18, 1994 and
exhibits 262, 271 and 281 from the trial).

Probably the most confrontational of all the field trip
discussions between Drs. Montgomery and Schumm and Jon Ford and
Oliver Page occurred on the afternoon of March 4, 1994 at site 11.
It was at the southwest corner of the cultivated field and in the
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river bed adjacent thereto shown on exhibit 78 in evidence and
attached as Appendix M. Here Drs. Montgomery and Schumm tried to
explain why the field just east of the river and the wells located
adjacent thereto were not in the "subflow" zone. This was, they
claimed, because the "post-1880 entrenchment" deposits which were
only in the sandy areas adjacent to the river, were more permeable
and less cemented than the Holocene alluvium which underlay the
cultivated fields and large phreatophytic areas of mesquite out of
which those fields extracted. A look at the photograph (Appendix
M) shows the physical relationships. To the knowledgeable eye it
probably shows the edge of the "subflow" 2zone where the
phreatophytes meet the basin fill rather than simply the sandy
banks of the river as claimed by Drs. Montgomery and Schumm.
Further, in spite of all their claims of new kinds of tests as to
permeability and cementational differences between the post-1937
depositional layer and the Holocene it was inset into, three Magma
wells drilled in 1991 in this very area and shown in ADWR well log
registration records reveal the true underground record when they
showed the following:

Well #1, registration #55-529969, drilled 2/26/91
sand, gravel and cobbles from 0 to 45 feet

clay from 45 to 47 feet

sand gravel and cobbles from 47 to 63 feet

Well #2, registration #55-529971, drilled 2/26/91
sand, gravel and clay from 0 - 32 feet
sand, gravel and cobbles from 32 - 65 feet

Well #3, registration #55-530124, drilled 1/28/91 to

2/8/91, to 1000 feet of depth

sand and gravel from 0 - 70 feet

This last well was drilled by Dr. Montgomery's firm. (See
the attachments to the Salt River Project Post-Hearing Brief all of
which are copies of drill log records filed with ADWR as required
by statute.
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Obviously, Magma's own well-drilling logs do not support
the Montgomery/Schumm theory of higher permeability and less
cementation of this post-1937 depositional layer.

In the opinion of the Court, the weight of the evidence
clearly fails to indicate any significant difference in
permeability between what Drs. Montgomery and Schumm contend is a
"post-1880 entrenchment" depositional layer and the balance of the
Holocene floodplain alluvium of which it is a part. The Court
finds the testimony of Messrs. Erb, Ford, Page and Gookin have the
greater weight and the exhibits presented showed no indication of
any claimed differences.

It is incongruous for the groundwater users to first
claim that there is a great disparity between the lithology,
hydraulic conductivity, and other characteristics of the post-
entrenchment alluvium and the Holocene, and then advocate that the
post-entrenchment alluvium be used only to define the lateral
limits of "subflow" with the Holocene to be utilized to set its
vertical extent. This is particularly true when the entrenchment
is only 5% to 10% of the Holocene depth.

Even Dr. Montgomery's own Report on October 2, 1987
(exhibit 11 of the 1987 hearings) describes the floodplain alluvium
of the San Pedro in the following terms:

" F100DPLAIN ALLUVIUM
Geologic Feature

Floodplain alluvium occurs along the San
Pedro river and its major tributaries....
Records of water wells which penetrate the
unit near San Manuel indicate that the
thickness of the floodplain alluvial deposits
ranges from about 30 to 205 feet. The
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floodplain alluvium is commonly coarse~-grained
and consists chiefly of non-consolidated sa

gravel, and boulders. (emphasis added)
Groundwater Features

In the Lower San Pedro Basin, the
groundwater level commonly occurs above the
base of the floodplain alluvial deposits, and
the lower parts of the unit are saturated.
The deposits are highly permeable, comprise
efficient infiltration media, and yield large
amounts of groundwater to wells that are

completed in the unit. Because the deposits

ommonl coarse-graine on-
consolidated, the floodplain alluv deposit
are usuall the most ermeabl h
hydrogeologic units in the basin. The

floodplain alluvium accepts and transmits
recharge water from streamflow. Groundwater
in the unit generally occurs under confined
conditions.” (emphasis added)

There is no mention therein of any "post-1880
entrenchment® or depositional unit, its high degree of permeability
or lack of cementation.

This Court finds the groundwater users theory of
limitation of the parameters of the "subflow" zone to be without
merit. However, like the principal-channel boundary theory out of
which it evolved, the Court believes the lateral bounds of this
theoretical unit are within the parameters of a broader "subflow"
zone wider than these groundwater users propose.

D. The Nature Conservancy Riparian Zone

The position of the Nature Conservancy is urged by an
attorney and hydrologist whose efforts were pro bono. It is a

Docket Number Continued Page 52 _



r
SUPERIOR COURT OF ARIZONA
MARICOPA COUNTY

t CLERK OF THE COURT

June 30, 1994 HON. STANLEY Z. GOODFARB K. Abbott
Deputy

N wW-1l, W-2, W-3, W-4
In Re The Adjudication of: Continued

pleasure to have such people involved and to be able to largely
agree with their position. Their proposed alternatives were:

"It is clear from all of the evidence that the
only reasonably acceptable geologic unit by
which subflow may be defined is the holocene
alluvium by whatever norm referred to." (p. 2)

Alteratively they submitted:

"...it is not necessary to resolve the
geologic debate in order to define the subflow
zone. Fortunately, nature has already
provided readily observable surface indicators
of where this underground water is located,
those being the phreatophytic plants located
in the riparian area or zone immediately
adjacent to the river." (p. 5)

If we were limited to only physical evidence of water use
at a particular location which had an observable effect on the
height of the flow in the stream itself, only the testimony about
phreatophytes would meet that test. During our field trip there
were anecdotal accounts by Messrs. Lomeli and Smallhouse and Ms.
Clark about observable water use by phreatophytes that had a
direct, immediate and measurable impact on the surface flow of the
adjacent stream. These impacts occurred on a daily or diurnal
basis and changes in stream flow were readily observable as were
seasonal variations, all relating to the metabolic functions of the
plants. The testimony was that the fall and winter seasonal
changes could double the stream flow because the leaves were off
the trees and there was no transpiration occurring. Wwhile daily
changes between daylight and dark were not as great, they were
clearly discernable. Even Dr. Montgomery agreed when cross-
examined by Steven Weatherspoon about a camping experience where
the flow was non-existent when he and his son went to sleep, but
the stream flowed in the morning because the stream recharged
itself at night when the phreatophytes' pumping mechanism was not
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in effect. No one can be surprised by such facts when the water
balance of the San Pedro Previously discussed showed that of its
total produced supply of 158,610 acre feet, approximately % or
52,600 acre feet went into phreatophytic use.

The evidence is undisputed that riparian plants directly
draw off and diminish the surface flow of adjacent streams.
Riparian forestation meets the test of "In re Gila" which asks,
"Does the drawing off the surface water tend to diminish
appreciably and directly the flow of the surface stream" (p. 393 of
179 Ariz.) Moreover, this Court accepts that we have a readily
usable definition of "Riparian Area" in A.R.S. § 45-101(b):

"!'Riparian area' means a geographically
delineated area with distinct resource values,
that is characterized by deep-rooted plant
species that depend on having roots in the
water table or its capillary zone and that
occurs within or adjacent to a natural
perennial or intermittent stream channel or
within or adjacent to a lake, pond or marsh
bed maintained primarily by natural water
sources. Riparian area does not include areas
in or adjacent to ephemeral stream channels,
artificially created stockponds, man-made
storage reservoirs constructed primarily for
conservation or regulatory storage, municipal
and industrial ponds or man-made water
transportation, distribution, off-stream
storage and collections systems."

Unfortunately, this Court does not believe that
delineation of all riparian areas in their predevelopment stage, as
advocated by the Nature Conservancy, will be as easy as it thinks.
A look at the 1935 aerial photography of the area does not easily
show the boundaries of riparian area in a predevelopment stage.
Even then there were large areas of agricultural field development,
particularly in the St. bavid and Pomerene areas. The same is also
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true in the lower basin where Jack Smallhouse told us his family
once farmed 2,000 acres along the river. The field trip in the
Hereford and Palominas areas shows fields long cultivated but now
unused with limited phreatophyte invasion. Another problem is that
in the true predevelopment age before the significant overgrazing
of the late 1800s and early 1900s, the heavy grass cover of the
upper basin prevented much phreatophication. (See exhibit 190,
page 15.) The other side of the coin is that as cultivated fields
along the river went out of production, phreatophication increased.
(See figures 16 to 19 of exhibit 190.) This is clearly shown by
the pictures of the Palominas Bridge taken in 1939 and 1991 which
were attached. This shows the problem of phreatophication
increases, resultant channel narrowing and later highly erosive
effects of flooding when high flows are forced through narrower and
narrower channels all as described in the Affidavits of Ford and
Wellendorf.

In addition to the study of channel changes and shifts,
this Court also requested ADWR to also analyze any change in
riparian habitat along the San Pedro River from 1935 to 1990. The
study indicated significant riparian changes from reductions of "up
to 3,100 feet along one transect to an additional 1,900 feet along
another transect." (A copy of that analysis, also a part of
exhibit 365, is attached as Appendix F-1, F-2 and F-3.) A study of
the 1990 aerial photography shows nearly all reductions to be the
result of cultural development such as new agricultural fields.

Figure 5, page 8 of exhibit 190, which is reproduced in
Oliver Page's Report for Stetson Engineering in exhibit 2 as its
figure 7, and is attached here as Appendix P, shows the lateral
migration of this river from 1890 to date in a large meander about
2 miles north of Hereford. Based on our March 4, 1994 field trip,
that area is one of many old and new channels. There is nearly a
mile of phreatophytic width in this area.

To the extent that phreatophication exists or can be

documented in the areas adjacent to the principal channel, it does
mark that portion of the area of the "subflow" zone. If it extends
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to the lateral edge of the saturated floodplain Holocene alluvium,
then it is a vital marker. However, even phreatophytes cannot tell
‘the difference between floodplain alluvium and tributary aquifer
alluvium and, therefore, can be a false marker. The boundaries of
the riparian zones are helpful and certainly within the "subflow"
zones if they do not extend over onto the top of tributary aquifer
or basin fill. After consideration of flow direction, water level
elevation, the gradation of water levels over a stream reach, the
chemical composition if available, and lack of hydraulic pressure
from tributary aquifer and basin fill recharge which is
perpendicular to stream and "subflow" direction, the Court finds
the most accurate of all the markers is the edge of the saturated
floodplain Holocene alluvium.

E. The Saturated Floodplain Holocene Alluvium

Throughout the hearings, field trip and later briefing,
the parties have used the terms Holocene, younger alluvium, and
floodplain alluvium interchangeably. This Court believes the
proper terminology for the geologic unit which defines "subflow" is
the "saturated floodplain Holocene alluvium."” That term is used
deliberately. Both the Holocene or younger alluvium and the basin
fill are descended from the same source, the rock of uplifting
mountains. While the depositional processes were somewhat
different, where these units meet it is sometimes difficult to
discern the differences between one type of eroded, depositional
debris from another, particularly when they may both be saturated
and water bearing. Moreover, water, when it fills the porosity of
a geologic unit, doesn't know the difference between what is
"subflow," younger alluvium or basin fill. However, only the
younger Holocene alluvium can pass the test of "subflow" as it is
the only stable geologic unit which is beneath and adjacent to most
rivers and streams, except those in the mountains where bedrock
surrounds the flow.

Also, in order to fulfill the definition of "subflow,"
the geologic unit must be saturated because of the need for a
hydraulic connection between the stream and the "subflow.” Further
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definition requires "subflow" to be a part of the surrounding
floodplain of the stream basin. Those parts of the alluvial plain
which it may be a part of or which it is connected to must be the
alluvial plain of a perennial or intermittent stream and not an
ephemeral stream or a part of the alluvial plain of a tributary
aquifer even if there is an alluvial connection. Where the
alluvial plain of tributary aquifers or ephemeral streams connects
to the floodplain Holocene alluvium of the stream itself and
provides tributary or basin fill recharge, that tributary aquifer
must also be excluded because its flow direction is different and
often perpendicular to the stream-flow direction.

The evidence here shows that the only true geologic unit
which is beneath and adjacent to the stream is the floodplain
Holocene alluvium. When it is saturated, that part of the unit
qualifies as the "subflow" zone, where the water which makes up the
saturation flows substantially in the same direction as the streanm,
and the effect of any side discharge from tributary aquifers and
basin fill is overcome or is negligible. Because low-flow streams
like the San Pedro meander back and forth in a series of "S" curves
within a wider principal or dynamic channel, flow direction must be
the general overall direction of the strean. As Steve Erb
testified, as long as the subflow's direction is within 45 degrees
of that general stream flow direction, the flow direction
requirement is met.

If we add the following additional criteria, then even
more certainty and reliability is provided. First, the water level
elevation of the "subflow" zone must be relatively the same as the
stream flow's elevation. Second, the gradient of these elevations
for any reach must be comparable with that of the levels of the
stream flow. Third, there must be no significant difference in
chemical composition that cannot be explained by some local
pollution source which has a limited effect. Fourth, where there
are connecting tributary aquifers or floodplain alluvium of
ephemeral streams, the boundary of the "subflow" zone must be at
least 200 feet inside of that connecting zone so that the
hydrostatic pressure effect of the side recharge of this tributary

Docket Number Continued Page _57



r
SUPERIOR COURT OF ARIZONA
MARICOPA COUNTY

L CLEAK OF THE COURT

June 30, 1994 HON. STANLEY Z. GOODFARB K Abbott
Deputy

M W-1l, W-2, W-3, W-4
In Re The Adjudication of: Continued

aquifer is negligible and the dominant direction of flow is the
stream direction. Fjifth, where there is a basin-fill connection
between saturated zones of the floodplain Holocene alluvium and a
saturated zone of basin fill, the boundary of the "subflow" zone
must be 100 feet inside of the connecting zone so that the
hydrostatic pressure effect of the basin-fill's side discharge is
overcome and the predominant direction of flow of all of the
"subflow" zone is the same as the stream's directional flow. The
different distances used to overcome the side pressure of the
tributary aquifer and basin fill are based on the testimony of
Steve Erb given on February 14, 1994 and the different rates of
permeability and transmissivity of the different geological units.
Appendix Q attached is a copy of exhibit 266 received at trial
which represents the best illustration of the relationship of the
"subflow" within a reach of floodplain alluvium and basin fill.
Appendix R attached shows the relationship of the saturated stream
alluvium of the San Pedro and its two tributaries, the Bobocamari
and the Aravaipa, to the entire basin of the San Pedro.

The weight of the evidence points to the saturated
floodplain Holocene alluvium as the most credible "subflow" zone.
Its lateral and vertical limits have existed for some 10,000 or
more years. It has far more stability of location than any other
proposal including the principal channel which changes
approximately every three years, or the post-1880 depositional
layer which is really "post-1937" at best, or "post-1955" as
indicated in the Hereford Report (exhibit 190 page 8).

It may be true that the surface of the latest layer of
deposition resulting from the January 1993 flood is more permeable
than the overall permeability of the entire Holocene. But, as
Ford, Page, Gookin and Erb testified, and all the drill log results
show, there is no significant difference in permeability between
the post-1937 layer and the balance of the Holocene. Even the
claims by the groundwater users of cementation in the Holocene do
not stand up. Not a single drill log supports it. All the claims
of the use of the wrong drilling bit do not support it. Even Dr.
Montgomery's Report of October 2, 1987 refutes it. While there may
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be some evidence of cementation in certain layers, there is no
evidence it is unit-wide, or that it makes any significant
difference in permeability or transmissivity. Therefore,
regardless of claims to the contrary, the weight of this evidence
supports the saturated floodplain Holocene alluvium as the
"subflow" zone.

“CONES OF DEPRESSION"

"In re Gila," page 391 of 175 Ariz., describes a "cone of
depression" as the "funnel-shaped area around a well, where the
water table has been lowered by the withdrawal of groundwater
through the well."” That clinical description of a "cone of
depression" tells us little of the destructive ability of wells
upon basin and range streams in a desert or semi-desert environment
such as the Santa Cruz River and the San Pedro River.

on February 1, 1994 Dr. Maddock discussed the "cone of
depression"” in the Sierra Vista area. He referred to it as
"notorious."” His computer modeling predicted that 37% of the water
which comes from the well systems which serve the area comes out of
the San Pedro which is either in the stream or on the way to the
stream. He estimated the latter portion to be 1%. Exhibit 163 in
evidence is his illustration of how the "cone of depression" in
that area has grown since 1968. It clearly shows and the testimony
was that the "cone" is in excess of five miles. A copy of Dr.
Maddock's exhibit is attached as Appendix S. In his opinion, the
wcone of depression® has clearly intersected the stream.

Mr. Erb testified on February 15 that the Tenneco
agricultural wells, shown on exhibit 271 in evidence, which
location runs from the border twenty miles north, were shut down in
the mid-1980s when Tenneco sold its holdings to the BIM for the
creation of the San Pedro River National Conservation Area. The
drawdown of these wells had turned some parts of the river in this
area from perennial to intermittent, and some sections were even
ephemeral. After more than eight years of shut down, only one mile
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of the river is now more perennial than before. On our field trip,
however, we found no ephemeral sections and all were at least
intermittent. Local residents explain that the large January 1993
flood created large basin-wide recharge and the higher flows
observed may be the result of that recharge. A copy of exhibit 271
is attached as Appendix T showing the relationships of the wells in
the area to the river. The wells adjacent to the areas of
discontinued irrigation are the former Tenneco wells.

What these facts show is that "cones of depression" have
long-term effects even after the wells are shut down. Two recent
Colorado cases make that clear. Danielson v. Castle ows, 791
P.2d 1106 (Colo. 1990) and State Engineer v. Castle 6 Meadows, 856,
P.2d 406 (Colo. 1993) discuss the long-term effect of post-pumping
depletion. In the "Danielson" case the trial court had found that
post-pumping depletions could continue up to and after 200 years.
In the remanded trial which took place in 1991, the trial court
found the post-pumping depletions could continue up to and after
400 years. In both cases the Colorado Supreme Court found that
these post-pumping depletions had to be remedied by the pumps to
protect surface water users under COLO. REV. STAT. § 37-90-
137(9)(c). In Colorado, augmentation plans, which are approved by
the water decree, are used to remedy possible harm to other
appropriations.

All of the principal witnesses agreed that even wells
located outside of a stream's "subflow"™ could, over time, build up
extensive "cones of depression" which could severely affect the
volume of stream flow and the "subflow" which supported it. Even
Dr. Montgomery agreed the Santa Cruz was a dead river except where
Nogales' effluent created some perennial but polluted flow. This,
all agreed, was the result of overpumping, often outside of
anyone's "subflow" parameters. Often those wells had extensive and
interconnecting "cones of depression." Appendix U, V, W, X, Y and
Z attached, are copies of diagrams from exhibit 1 received in
evidence at trial and illustrate the effects of "cones of
depression.”
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In the "In re Gila" opinion only one paragraph relates to
"cones of depression." It is worth repeating:

"For example, if the cone of depression of a
well has expanded to the point that it
intercepts a stream bed, it almost certainly
will be pumping subflow. At the same time,
however, it may be drawing water from the

surrounding alluvium. Thus, part of its
production may be appropriable subflow and
part of it may not. ve ou

of its production is appropriable water, that
wel shou e_ _include i e
adjudication." (p. 391 of 175 Ariz.) (emphasis
supplied)

The testimony seemed unanimous that consistent with the
Supreme Court's pronouncement, if a "cone of depression" of a well
intercepts what is eventually defined as the "subflow" zone, then
at least some percentage of the water discharged by the well is
water subject to the adjudication. As Montgomery admitted, stream
depletion occurs as soon as the "cone of depression" reaches the
stream, even though it may be some time before the hydraulic
gradient at the river is reversed, and may be many years before a
particle travels from the stream to the well. §See Tr. VI at 14,
49-50. Ford and Page contend that streamflow depletion first takes
place when the cone intersects the stream, not when the hydraulic
gradient is reversed or the molecule of streamflow is ejected by
the well. Tr. I at 47 (Ford); Tr. II at 182 (Page). It is beyond
dispute that even before the gradient is reversed, a measurable
drawdown at the stream's "subflow" zone necessarily results in
water leaving the zone in order to fill the void which has. been
created by the well. Ford's Report, exhibit 1, at 51 [when the
cone intersects the "subflow" zone, it "induce[s] subflow to leave
(deplete the Subflow Zone and the stream")]. This is true even
vhere the gradient has not been reversed everywhere between the
well and the stream. (Ford's Report at 63-67, especially Fig. 9.3
and Table 9.3)
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The groundwater pumpers' position cannot be reconciled
with the Supreme Court's unequivocal conclusion that when a "cone
of depression" is intersecting the streanm bed, it "almost
certainly” is "pumping subflow." Apart from their molecule and
gradient arguments, no serious opposition has been offered to the
approach which was proposed by Ford or Page for handling wells
located outside the "subflow" zone. In fact, there appears to be
substantial agreement on most points.

For example, Montgomery agreed with Ford that various
analytical or modeling methods are appropriate to calculate "cones
of depression." Tr. I at 52 (Ford) ; Ford's Report at 3, 51, ¢c-1 -
C-7; Tr. IV at 18-19 and Tr. VI at 13 (Montgomery). Similarly,
Ford and Montgomery agree that the calculation of the cone should
be based upon the well's entire history of pumping. Tr. I at 52,
54-57 (Ford): Tr. VI at 128-29 (Montgomery). They also agreed that
individual analysis of wells is the most appropriate method to
compute drawdown at the "subflow" zone. Tr. I at 85 (Ford); Ford's
Report, p. 37; Tr. VI at 24 (Montgomery). How this is to be done
must be left to the discretion of ADWR as this Court finds there
was not testimony of how technically certain determinations were to
be made scientifically.

While salt River Project proposes that a drawdown of 0.1
foot be used for purposes of calculating the "cone of depression, "
this Court believes such close measurements are difficult, at best,
in the field. Rather, it believes that whatever test ADWR finds is
realistically adaptable to the field and whatever method is the
least expensive and delay-causing, yet provides a high degree of
reliability, should be acceptable. While several of the experts
arrived at different conclusions, Ford, Page, Montgomery, Erb and
Stephenson all testified to a degree that the Court feels assured
that scientific method is available to determine below-ground
saturation, water level, elevation, gradient, flow direction and
extent of "cones of depression."

The Court finds, subject to any de minimis standard later
to be adopted by the Court, that any well located outside the
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"*subflow" zone that now pumps any percentage of water either from
the stream itself or its "subflow" zone, should be included in the
adjudication and the total amount of water withdrawn subjected to
this proceeding. If we wait until actual water molecules from the
San Pedro River are discharged from the many wells which surround
it but are not in the "subflow" zone, there may not be sufficient
stream flow left to justify this entire adjudication.

PRESUMPTION AND BURDEN OF PROOF

"In re Gila" on page 392 of 179 Ariz. says:

"If DWR uses the proper test and relies on
appropriate criteria for determining whether a
well meets the test, its determination that a
well is pumping appropriable subflow
constitutes clear and convincing evidence. It
is consistent with Arizona 1law, then, to
require the well owner to come forward with
evidence that DWR is wrong."

This Court agrees that the entire process of the adjudication
requires that the independent evaluations of ADWR are entitled to
a presumption in their favor and the property owner or an objector
to a claim supported by an HSR has the duty to come forward with
evidence to overcome that presumption. However, there are
questions in the mind of this Court after hearing long periods of
evidence over the last fourteen years. They are whether the
quality of geologic or hydrologic opinion, the frequent lack of
data, and the many assumptions which cannot be fully proven support
a requirement that the property owner or objectors should have to
overcome a clear and convincing level of burden of proof. Every
expert who has attempted to develop opinions as to "cones of
depression" often relies on assumptions which are not provable or
are only partially provable. The conflicts between Montgomery,
Schumm, Ford, Page and Erb in that specific area raise real concern
as to the fairness of raising the evidentiary level of burden of
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proof to clear and convincing for a property owner or objector to
overcome a DWR opinion in an HSR. Even if we eliminate many of our
pro per claimants with a proper de minimis rule, this is probably too
formidable a barrier for the remainder of those pro per parties. It
is often too much for represented parties of modest wealth. Only
when we get to parties such as the mines, United States, Salt River
Project, the State of Arizona and cities of major size are there
sufficient assets to fund such evidentiary battles. At least in
the area of "cones of depression®™ a burden of proof of
preponderance seems fairer. The same is probably also true in the
area of a "subflow" zone determination.

CONCLUSION

The issues here are geologically, hydrologically and
factually complex. While courts often deal with complex issues,
reviewing appellate courts sometimes are unable to glean from the
briefs little more than a summary of the complex evidentiary
background and the scientific principles which led to the trial
court's decision. To overcome this limitation in this proceeding,
this Court believes it has a duty to provide as much detail as it
can to explain the factual decisions made, the scientific
principles relied on, as well as to provide copies of many of the
exhibits considered. It has done that here.

Finally, the 1length and complexity of this decision
requires a summarization of the Court's findings as to "subflow"
and dealing with "cones of depression.™

1. A "subflow" zone is adjacent and beneath a perennial
or intermittent stream and not an ephemeral stream.

2. There must be a hydraulic connection to the stream
from the saturated "subflow" zone.
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3. Even though there may be a hydraulic connection
between the stream and its floodplain alluvium to an adjacent
tributary aquifer or basin-fill aquifer, neither of the latter two
or any part of them may be part of the "subflow" zone.

4. That part of the floodplain alluvium which qualifies
as a "subflow," beneath and adjacent to the stream, must be that
part of the geologic unit where the flow direction, the water level
elevations, the gradations of the water level elevations and the
chemical composition of the water in that particular reach of the
stream are substantially the same as the water level, elevation and
gradient of the strean.

5. That part of the floodplain alluvium which qualifies
as a "subflow" zone must also be where the pressure of side
recharge from adjacent tributary aquifers or basin fill is so
reduced that it has no significant effect on the flow direction of
the floodplain alluvium. (i.e., a 200-foot setback from connecting
tributary aquifers and a 100-foot setback from the basin-fill
deposits).

6. Riparian vegetation may be useful in marking the
lateral limits of the "subflow" zone particularly where there is
observable seasonal and/or diurnal variations in stream flow caused
by transpiration. However, riparian vegetation on alluvium of a
tributary aquifer or basin fill cannot extend the limits of the
"subflow" zone outside of the lateral limits of the saturated
floodplain Holocene alluvium.

7. All wells located in the lateral 1limits of the
"subflow" zone are subject to the jurisdiction of this adjudication
no matter how deep or where these perforations are located.
However, if the well owners prove that perforations are below an
impervious formation which preclude "drawdown" from the floodplain
alluvium, then that well will be treated as outside the "subflow"
zone.
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8. No well located outside the lateral limits of the
"subflow" 2zone will be included in the jurisdiction of the
adjudication unless the "cone of depression" caused by its pumping
has now extended to a point where it reaches an adjacent "subflow"
zone, and by continual pumping will cause a loss of such "subflow"
as to affect the quantity of the stream.

Dated this 30th day of June, 1994.

Sl D e & ——

Hon. Stanley Z. Goodfarb /7
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Within an aquifer, the types of material and the
geologic and chemical history determine the number of pores
and open spaces that will exist. When saturated, these voids
determine the volume of water and that will be held in
[storage within the aquifer. However, not all of the water
that is stored within an aquifer is free to be released from
storage. Some water is retained in the voids by molecular
attraction. The amount that will actually be released is of
more concern from a water supply standpoint than the total
volume held. The total volume of recoverable groundwater
held in storage in the regional aquifer within the San Pedro
River watershed to a depth of 1,200 feet below the land
surface is estimated to be approximately 83.5 million acre-
feet. Table 2-1 breaks this value down by subwatershed. The
volume of storage is based on estimated basin fill surface
areas, derived form geographic information, average depths of
the basin fill alluvium, and average specific yield estimates
derived from literature. APPENDIX A describes further the
methodology used in calculating storage estimates.

TABLE 2-1
RECOVERABLE GROUNDWATER HELD IN REGIONAL AQUIFER STORAGE
SAN PEDRO RIVER WATERSHED

GROUNDWATER IN STORAGE

SUBWATERSHED (IN MILLION ACRE-FEET)
Sierra Vista 31.8
Benson 27.1
Redington 13.0
Aravaipa 6.2
Winkelman 5.4

Total 83.5
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San Pedro Watershed Study Transects
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DWR analysis of San Pedro River channel changes from 1935 to 1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document channel change. Channel change was of two
types, channel shift (avulsion) and channel narrowing. The channel shifts range from O
to approximately 1,200 feet as shown in the following table. Channel narrowing ranges
from -170 (widening) to 970 feet. The channel was defined for this study as the
"sandy wash" described by Dr. Montgomery. The following tables describe the results

of the analysis.

The assessment was conducted by locating identical physical or cultural points on the
east and west side of the San Pedro River on the 1990 and 1935 photography. A
transect line was then drawn to connect the points on each photo. The distance from
each point to the "sandy wash" as well as the width of the wash was measured. The
difference in width of the "sandy wash" defines narrowing and is rounded to the
nearest 10 ft. The shift is defined by the maximum difference in distance from the
point to the wash on each side of the wash. The shift is the absolute value of the

maximum distance and is rounded to the nearest 100 ft.

Photo 1 - Hereford SW (Mexico to Palominas)’

Transect Narrowing Shift

1a -170 500
Photo 2 - Hereford (Palominas to Lewis Spring)’

Transect Narrowing Shift
2a 210 500
2b ‘ 310 700
2c 480 300
2d 100 100

2
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Photo 3 - Lewis Spring (Lewis Spring to Charleston)’

Transect Narrowing Shift
3a 170 400
3b 440 400
3c 400 500
3d 130 100
Photo 4 - Fairbank {Charleston to Fairbank)’
Transect Narrowing Shift
4a 240 200
4b 340 600
Photo 5 - Land (Fairbank to St. David)'
Transect Narrowing Shift
5a 100 100
5b 630 500
5¢ 70 1,000
Photo 6 - Benson (St. David to Pomerene)'
Transect Narrowing Shift
6a 130 200
6b 100 1,200
6¢c 0 700
6d 300 500
3
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Photo 7 - Galleta Flats East (Pomerene to Narrows)'

Transect Narrowing Shift
7a 370 700
7b 200 500
7c 100 100
7d 130 100
Photo 8 - Wildhorse Mnt'

Transect Narrowing Shift
8a 970 900
8b 400 400
8c 200 300
Photo 9 - Clark Ranch (Mammoth area)’

Transect Narrowing Shift
9a 500 400
9b 800 500
9¢c 400 600

all values in feet

Paul L. Sale Property Channel Shift approximately 950 feet as determined from previous
mapping and communication with the property owner.
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DWR San Pedro River Study Transects - Channel Change
TRANSECTS (values in feet)

1a
1935
1990
Difference

2a
1935
1990
Difference

- 2b
1935
1990
-Difference

2c
1935
1990
Difference

2d
1935
1990
Difference

3a
1935
1990
Difference

3b
1935
1990
Difference

3c
1935
1990
Difference

West
1000
1332

332

West
2571
2284

287

West
4432
5088

-656

West
6428
6675

-247

West
4296
4439

-143

West
7605
7302

303

West
7437
7866

-429

West
4609
5139

-530

Channel
366
534
-168

Channel
372
165
207

Channel
472
165
307

Channel
609
132
477

Channel
203
99
104

Channel
303
133
170

Channel
505
66
439

Channel
572
174
398

East TOTAL %
3000 4366
2500 4366
-500

East TOTAL %
3315 6258
3806 6255
-491

East TOTAL %
3518 8422
3111 8364
407

East TOTAL %
3789 10826
4077 10884
-288

East TOTAL %
3518 8017
3452 7990
66

East TOTAL %
5276 13184
5725 13160
-449

East TOTAL %
4812 12754
4647 12579
165

East TOTAL %
706 5887
937 6250
-231
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3d
1935
1990
Difference

4a
1935
1990
Difference

4b
1935
1990
Difference

‘5a
1935
1990
Difference

5b
1935
1990
Difference

5¢
1935
1990
Difference

6a
1935
1990
Difference

6b
1935
1980
Difference

6c

West
908
1012
-104

West
1282
1448

-166

West
4352
4230

122

West
3517
3453

64

West
737
737

West
469
1150
-681

West
2066
1965

101

West
3633
2533
1100

West

Channel
269
135
134

Channel
337
101
236

Channel
472
135
337

Channel
469
369
100

Channel
837
207
630

Channel
569
502
67

Channel
267
133
134

Channel
333
233
100

Channel

East TOTAL %
2086 3263
2193 3340
-107

East TOTAL %
4487 6106
4677 6226
-190

East TOTAL %
5196 10020
5753 10118
-557

East TOTAL %
2814 6800
2850 6672
-36

East TOTAL %
1234 2808
1775 2719
-541

East TOTAL %
4421 5459
3457 5109
964

East TOTAL %
2166 4499
2400 4498
-234

East TOTAL %
800 4766
2000 4766
-1200

East TOTAL %
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1935
1990
Difference

6d
1935
1990
Difference

7a
1935
1990
Difference

7b

‘ 1935
1990

Difference

7Cc
1935
1990
Difference

7d
1935
1990
Difference

8a
1935
1990
Difference

8b
1935
1990
Difference

8c
1935
1990

5500
5684
-184

West
1200
1666

-466

West
3733
3065

668

West
4833
5333

-500

West
5633
5733

-100

West
4300
4433

-133

West
1267
1067

200

West
1567
1933
-366

West
3267
3600

233
233
0

Channel
367
67
300

Channel
500
133
367

Channel
667
467
200

Channel
200
100
100

Channel
266
133
133

Channel
1133
167
966

Channel
500
100
400

Channel
400
200

1533 7266
2200 8117
-667
East TOTAL %
4167 5734
4000 5733
167
East TOTAL %
2233 6466
2933 6131
-700
East TOTAL %
5666 11166
5366 11166
300
East TOTAL %
3833 9666
3833 9666
0
East TOTAL %
666 5232
666 5232
0
East TOTAL %
3833 6233
4733 5967
-900
East TOTAL %
2667 4734
2900 4933
-233
East TOTAL %
2900 6567
2667 6467
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Difference

9a
1935
1990
Difference

9b
1935
1990
Difference

9c
1935
1990
Difference

-333

West
733
1166
-433

West
500
1000
-500

West
667
1233
-566

200

Channel
767
267
500

Channel
1566
766
800

Channel
1066
667
399

233

TOTAL %
3000
3000

East
1500
1567

TOTAL %
4266
4266

East
2200
2500

-300

TOTAL %
5400
5400

East
3667
3500

167

AVG
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TABLE OF REPORTED DISTANCES ALONG 28 TRANSECTS
IDENTIFIED BY ARIZONA DEPARTMENT OF WATER RESOURCES
FROM 1935 AND 1990 AERIAL PHOTOGRAPHS
OF THE SAN PEDRO RIVER

1935 1990
......... DISTANCES (feet)*......... eeev.....DISTANCES (feet)........
TRANSECT

IDENTIFIER X Y 2 TOTAL X Y _Z_ _JovaL_
la 1,000 366 3,000 4,366 1,332 534 2,500 4,366
2a 2,571 372 3,315 6,258 2,284 165 3,806 6,255
2b 4,432 304 3,518 8,254 4,666 165 3,11 7,942
2¢ 6,428 609 3,789 10,826 6,675 132 4,077 10,884
2d 4,296 203 3,518 8,017 4,439 99 3,452 7,990
3a 7,605 303 5,216 13,124 7,302 133 5,742 13,177
3b 7,437 505 4,812 12,754 7,866 66 4,647 12,579
3c 4,543 572 673 5,788 5,139 174 937 6,250
3d 908 269 2,086 3,263 1,012 135 2,193 3,340
4a , 1,282 337 4,487 6,106 1,447 101 4,677 6,225
4b 4,352 472 5,196 10,020 4,230 135 5,753 10,118
Sa 3,517 469 2,814 6,800 3,453 369 2,850 6,672
Sb 737 837 1,239 2,813 737 270 1,775 2,782
5S¢ 469 569 4,621 5,459 1,072 502 3,751 5,325
6a 2,066 267 2,166 4,499 1,965 133 2,400 4,498
6b 3,633 333 800 4,766 2,533 233 2,000 4,766
e 5,500 233 2,533 8,266 5,833 233 2,200 8,266
6d 1,200 367 4,166 5,733 1,666 67 4,000 5,733
7a 3,733 500 2,233 6,466 3,065 133 2,933 6,131
7b 4,833 667 5,666 11,166 5,333 467 5,366 11,166
7c 5,633 200 3,833 9,666 5,733 100 3,833 9,666
7d 4,300 266 666 5,232 4,433 133 666 5,232
8a 1,267 1,133 3,833 6,233 1,067 167 4,733 5,967
8b 1,867 500 2,667 5,034 1,933 100 2,900 4,933
8c 3,267 400 2,900 6,567 3,600 200 2,667 6,667
9a 733 767 1,500 3,000 1,166 267 1,567 3,000
9b 500 1,566 2,200 4,266 1,000 766 2,500 4,266
9c 667 1,066 3,667 5,400 1,233 667 3,500 5,400

* Distances "X", "Y®,6 and "Z" are from ADWR overlays for 1935 and 1990 aerial photographs of the San Pedro
River. Distance "X" is from an index point at the west end of transect to west bank of "Sandy Wash";
distance "Y" is width of "Sandy Wash": and distance "Z" is from east bank of "Sandy Wash" to an index
point at the east end of transect.

yest TYPICAL TRANSECT o
POINT POINT
J

TR
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DWR analysis of change in riparian habitat along the San Pedro River from 1935 to
1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document change in the extent of riparian vegetation. The
change in riparian vegetation along the San Pedro River channel varies widely across
the watershed. The magnitude of change is shown in feet along a study transect. The

changes are summarized in the following tables.

DWR used the same general methods as outlined for channel changes. The amount of
riparian change is defined as the sum of riparian change on the west and east sides of
the wash. The riparian change was calculated by subtracting the riparian distance on
the 1990 photos from the riparian distance on the 1935 photos. All values are rounded

to the nearest 100 feet.

Photo 1 - Hereford SW (Mexico to Palominas)’

Transect Riparian Change
1a + 100 ft
Photo 2 - Hereford (Palominas to Lewis Spring)'
Transect Riparian Change
2a + 500 ft
2b -300 ft
2c no change O
2d no change O
5
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Photo 3 - Lewis Spring (Lewis Spring to Charleston)’

Transect Riparian Change
3a -300 ft
3b + 200 ft
3c -100 ft
3d -200 ft

Photo 4 - Fairbank {Charleston to Fairbank)’

Transect Riparian Change
43 -100 ft
4b -500 ft

Photo 5 - Land (Fairbank to St. David)"

Transect Riparian Change
Ba -1900 ft
5b no change O ft
5c -200 ft

Photo 6 - Benson {St.

David to Pomerene)’

Transect Riparian Change
6a + 800 ft
6b + 800 ft
6c + 200 ft
6d -200 ft

Appendix F-2
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Photo 7 - Galleta Flats East (Pomerene to Narrows)’

Transect Riparian Change
7a no change O ft
7b +600 ft
7c -300 ft
7d -500 ft

Photo 8 - Wildhorse Mnt'

Transect Riparian Change
8a + 3100 ft
8b + 1800 ft
8c + 1900 ft

Photo 9 - Clark Ranch (Mammoth area)’

Transect Riparian Change
9a -500 ft
9b + 700 ft
9¢ -500 ft

Copy of the foregoing report
mailed this day of

June, 1994, to all persons

on the Court approved mailing
list dated June 6, 1994
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Upper San Pedro River, Arizona
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Figure 1. The study area in southeast Arizona. Field studies were undertaken in the river valley between
Hereford and just north of Clifford Wash.
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PHOTOGRAPH 4

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 2 MILES
NORTHEAST FROM PALOMINAS, VIEW TOWARD WEST.

Exhibit 69 in envelope.
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PHOTOGRAPH 6

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 2 MILES
NORTHEAST FROM PALOMINAS, VIEW TOWARD WEST.

Exhibit 71 in envelope.
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PHOTOGRAPH 7

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 1 MILE
SOUTH FROM HEREFORD, VIEW TOWARD SOUTHWEST.

Exhibit 72 in envelope.
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PHOTOGRAPH 11

SAN PEDRO RIVER MAP 5 (NEAR CASCABEL) ABOUT 7 MILES
SOUTHEAST FROM CASCABEL, VIEW TOWARD EAST.

Exhibit 76 in envelope.
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PHOTOGRAPH 12

SAN PEDRO RIVER MAP 6 (NEAR REDINGTON) ABOUT 8 MILES
NORTH FROM REDINGTON, VIEW TOWARD NORTH.

Exhibit 77 in envelope.
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PHOTOGRAPH 13

SAN PEDRO RIVER MAP 7 (NEAR SAN MANUEL) ABOUT 3 MILES
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