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  -2-  

In the Minute Entry filed February 28, 2019, the Special Master requested ADWR 

to file responses to comments on its initial report on subflow depletion testing in the San 

Pedro watershed by May 3, 2019.   A copy of ADWR’s report is attached to the original 

of this Notice being filed with the Clerk (Attachment) and is being posted to ADWR’s 

web site at: https://new.azwater.gov/adjudications. 

DATED this the 3rd day of May, 2019. 
 
      ARIZONA DEPARTMENT OF WATER 
      RESOURCES 
 
      _________________________________ 
      Kimberly R. Parks, Deputy Counsel 
      Janet L. Miller, Deputy Counsel 
 
ORIGINAL of the foregoing Notice 
and attachments sent by first-class mail  
on May 3, 2019, to: 
 
Clerk of the Maricopa Superior Court 
Attn:  Water Case 
601 W. Jackson Street 
Phoenix, Arizona 85003 
 
COPIES of the foregoing Notice and  
attachments sent by first-class mail on  
May 3, 2019, to: 
 
Special Master Susan Ward-Harris 
Maricopa County Superior Court 
Central Court Building 
201 West Jefferson Street, Suite 3A 
Phoenix, AZ 85003-2205 
 
COPIES of the foregoing Notice sent by  
first-class mail on May 3, 2019 to  
all parties on the court-approved mailing list 
for Contested Case No. W1-103. 

https://new.azwater.gov/adjudications
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1

ARIZONA DEPARTMENT OF WATER RESOURCES RESPONSE TO 
COMMENTS TO ITS INITIAL SUBFLOW DEPLETION TEST REPORT 

1.0 INTRODUCTION 

This document provides ADWR’s responses and supporting information related to 

preliminary comments provided by stakeholders concerning ADWR’s December 2018 

Initial  Subflow Depletion Test Report (Initial Depletion Report).  Comments and questions 

provided by stakeholders included both legal, administrative and technical matters.  Due 

to the preliminary nature of ADWR’s subflow depletion analysis proposal and the complex 

array of issues and substantial work ahead, ADWR’s initial response to comments mainly 

covers major technical considerations and does not respond to every question, comment or 

concern discussed by stakeholders.  Although some comments are unaddressed in this 

document, they are certainly relevant, and should be discussed in future meetings. 

ADWR is appreciative of the time and effort that went into the stakeholder review of the 

Initial Depletion Report and believes that the feedback provided is very informative and 

useful.  ADWR desires to work effectively and collaboratively with the court and 

stakeholders toward developing appropriate methods and analytical tools to quantify 

subflow depletion and looks forward to future meetings and discussions concerning this 

important topic.  

2.0 BACKGROUND 

Preliminary comments concerning ADWR’s Initial Depletion Report were received in mid-

April 2019 from: 

• The United States
• Salt River Project (SRP)
• The Gila River Indian Community (GRIC)
• Pueblo del Sol Water Company and the City of Sierra Vista
• State Law Parties

o Freeport Minerals Corporation
o Arizona Public Service
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o BHP Copper Inc. 
o Arizona State Land Department 

• San Carlos Apache Tribe and the Tonto Apache Tribe 
 

The preliminary comments submitted by stakeholders varied in detail and focus. Some 

comments were brief, general in nature, and did not include detailed technical analysis 

from consultants.  However, other comments were detailed and included substantial 

technical feedback and analysis. Some stakeholder comments were comprised mainly of 

questions about how ADWR intended to conduct future work.  The following sections 

provide further information on stakeholder comments, questions and concerns.  

 

3.0 SUMMARY OF RESPONSES TO GENERAL TOPICS 

Technical comments received from many stakeholders included their positions on 

ADWR’s proposed general approach to use MODFLOW and Zonebudget to analyze 

subflow depletion; ADWR’s two critical findings related to its initial subflow depletion 

analysis; the appropriateness of using a differential analysis comparing the impacts of all 

pumping versus all pumping minus specific well pumping to quantify subflow depletion; 

and whether or not the depletion analysis should include the reduction of flow from the 

regional aquifer to the subflow zone. A summary of those comments can be found in Table 

1 (Appendix A). 

 

1. MODFLOW and Zonebudget 

Comments concerning the use of MODFLOW and Zonebudget to analyze subflow 

depletion were mainly positive; however, there was general consensus among commenting 

parties that the current version of the USGS SVS MODFLOW model (USGS, 2007) should 

be: 1) updated with recent pumping and recharge data; 2) modified to include surface water 

runoff to the stream system using a newer version of the streamflow routing package 

(SFR); 3)  structurally updated and recalibrated based on a review of available well and 

aquifer parameter data; 4) further evaluated for potential  grid refinement in the vicinity of 
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the subflow zone; and 5) upgraded to a  newer version of MODFLOW that includes more 

robust numeric solvers that would potentially reduce mass balance errors.  

 

ADWR believes the USGS SVS model does require updates, modifications and 

recalibration.  ADWR is initiating some of these tasks.  ADWR will undertake 

additional actions after further discussions with stakeholders and their technical 

representatives to explore possible areas of collaboration, identify acceptable 

standards of model improvement, and determine priorities.   

 

Several comments were received from responding parties concerning their general opinion 

that ADWR’s Zonebudget zone input file, that currently uses 13 sub-zones to represent the 

San Pedro and Babocomari subflow zones, is overly complex and should be reduced in 

number.  Additionally, these parties saw no need to potentially add more zones (as 

discussed by ADWR in the Initial Depletion Report) in areas where ADWR had observed 

complex transient flow.  Consultants for the State Law Parties also raised serious questions 

about the vertical extent (number of model layers) that were included in ADWR’s subflow 

zone input file. 

 

ADWR believes these comments raise important issues and will provide further 

information on this topic later in this document. 

 

2. Depletion Calculated by Difference 

There was general consensus that the potential depletion caused by a well or wells could 

be appropriately calculated by comparing results from one model simulation that included 

all pumping to a second simulation that included all pumping except for the pumping 

assigned to the specific well or wells of interest. 

 

ADWR will use this general approach for future depletion analysis. 
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3. Critical Finding #1 

In its initial subflow depletion report ADWR found that transient pumping reduced flow 

from the regional aquifer to the subflow zone, while flow from the subflow zone to the 

regional aquifer remained relatively constant.  Based on those simulation results it is 

believed that the St. David diversion would experience reduced flows, and more generally, 

any appropriable senior water rights could be severely impacted before measurable flow 

from the subflow zone to the regional aquifer would occur.   

 

In its comments on Critical Findings # 1 & 2, the GRIC expressed concern that the subflow 

depletion analysis was incomplete because it did not include the reduction of flow from the 

regional aquifer to the subflow zone due to the impacts of regional pumping. 

 

In its review of responses on this topic, ADWR found that no stakeholder that 

commented seemed to be surprised by or disagreed with the reported results, 

though there was disagreement as to the significance of the findings.  

 

4. Critical Finding #2 

ADWR’s initial analysis also found that transient pumping significantly altered steady-

state flow patterns in and near the subflow zone.  As a result, ADWR speculated that 

depletion analysis may be complicated and technically challenging.  Additionally, ADWR 

stated that depletion analysis not incorporating runoff would be insufficient; however, this 

exclusion would be unlikely to change the fundamental problem that flows from the 

subflow zone to the regional aquifer may not be measurable until senior appropriable water 

rights have been impacted. 

 

As mentioned previously, the GRIC expressed concern that the subflow depletion analysis 

was incomplete because it did not include the reduction of flow from the regional aquifer 

to the subflow zone due to the impacts of regional pumping. 

 



ADWR Response to Comments 
Re: Subflow Depletion Test Report 

Contested Case No. W1-103 
May 2019 

 

 5  

In its review of responses on this topic, ADWR found that stakeholders generally 

believed that any added complexity to groundwater flow paths caused by well 

pumping was not a concern and could be appropriately handled by MODFLOW 

and Zonebudget.   ADWR appreciates the expressed stakeholder confidence but 

nevertheless maintains the position that in some cases the work will be 

complicated and technically challenging. 

 

5. Should Depletion Analysis Include Reduction in Flow to the Subflow Zone? 

As previously mentioned, ADWR found that transient pumping reduced flow from the 

regional aquifer to the subflow zone, while flow from the subflow zone to the regional 

aquifer remained relatively constant.  Based on those simulation results ADWR asserted 

that the St. David diversion would experience reduced flows, and more generally, any 

appropriable senior water rights could be severely impacted before measurable flow from 

the subflow zone to the regional aquifer would occur.  In the summary and conclusions of 

the Initial Depletion Report, ADWR further stated that administering only the volume of 

water leaving the subflow zone would not protect senior appropriable surface water rights 

from interference caused by pumping from COD Test wells1.  Based on those results 

ADWR further questioned whether flow from the subflow zone as well as flow to the 

subflow zone should be administered in any enforcement proceeding.  In its conclusions 

ADWR additionally noted Judge Goodfarb’s 1994 order (subsequently affirmed in Gila 

IV2) stating that “… any well located outside the ‘subflow’ zone that now pumps any 

percentage of water 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”.3 

 

                                                           
1 A COD Test Well is a well that is outside the subflow zone that is subject to adjudication 
based on the outcome of the cone of depression test. 
2 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 198 
Ariz. 330, 344, 9 P.3d 1069, 1083 (2000). 
3 Goodfarb 1994 Order at 62-63.  
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As mentioned earlier, comments provided by the GRIC strongly supported the position that 

only considering changes in flow from the subflow zone to the regional aquifer is 

incomplete, and calculation of subflow zone depletion should also include the reduction of 

flow from the regional aquifer to the subflow zone caused by well pumping.   

 

A related, but different, position was offered on this issue by SRP.  In its comments, SRP 

agreed that “… a well’s capture of water flowing toward the subflow zone can have a 

significant effect on the amount of water on the surface in the river and the underground 

within the subflow zone. Although this ‘capture depletion’ is recognized under the law of 

many other western states, our courts have not acknowledged that form of impact under 

Arizona law as it relates to water rights…. Regardless of one’s opinion of the wisdom of 

those prior decisions, they constitute legal binding precedent for purposes of the present 

proceeding before the Special Master and the Court”.4 

 

Based on its analysis ADWR felt compelled to discuss the potential for 

appropriable surface water rights to be severely impacted before measurable 

flow from the subflow zone to the regional aquifer would occur.  ADWR believes 

that this is a significant issue and it is discussed further in Section 6.0. 

 

4.0 SUMMARY OF RESPONSES TO ADWR DISCUSSION OF MODEL 
LIMITATIONS, OTHER CONSIDERATIONS AND 
RECOMMENDATIONS 
 

Several stakeholders provided specific comments and/or questions concerning ADWR’s 

discussion of SVS model limitations, other considerations and recommendations that were 

included in the Initial Depletion Report (Appendix 4, page 28).  Those comments are 

summarized in Table 2 (Appendix B) and discussed below.  

 

                                                           
4 See Salt River Project’s Preliminary Comments on Arizona Department of Water Resources’ Initial 
Report on Subflow Depletion Testing, filed April 12, 2019, at 3. 
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1. The eight individual USGS SVS transient model simulations should be combined 
into a single transient model simulation period. 

There was general agreement that this should be done. 

 

ADWR has initiated this task.  However, ADWR looks forward to discussions 

with stakeholders and their technical representatives to evaluate how other 

potential modifications to the SVS model would impact the need to convert the 

current eight datasets to a single model simulation or, instead, require the 

conversion of yet-to-be developed datasets.  

 

2. Update USGS SVS Model with currently available pumping and recharge data 
(Post 2002).  Evaluate recent Nature Conservancy data for potential use. 

There was general agreement among those commenting on this topic that the Nature 

Conservancy data would potentially be useful in updating the model; however, a thorough 

review of the data was recommended before acceptance. 

 

ADWR has initiated this task.  However, ADWR looks forward to discussions 

with stakeholders and their technical representatives to evaluate the priority of 

completing this task relative to other model revisions, such as potential 

structural changes.   

 

3. Develop consistent locations for wells and recharge locations in SVS model well 
and recharge packages for historic and future projections.  Evaluate Nature 
Conservancy data for potential use. 

There was general agreement among those commenting on this topic that the Nature 

Conservancy data would potentially be useful in updating the model; however, a thorough 

review of the data was recommended before acceptance. 

 

ADWR has initiated this task.   
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4. SVS model mass balance errors may be problematic, particularly for the accurate 
analysis of subflow zone depletion by wells pumping small volumes. 

There was general agreement that mass balance errors could be a problem for some wells, 

and efforts should be made to reduce the errors.  Several suggestions were offered to reduce 

errors, including conversion to other versions of MODFLOW that included more robust 

numerical solver packages, using double precision versions of MODFLOW and reducing 

the number of Zonebudget input zones. 

 

ADWR believes these problems are generally solvable using the methods and 

suggestions mentioned.  However, ADWR is not certain that the depletion 

analysis of small volume wells will still not be complicated by mass balance 

errors that may be of a comparable or greater magnitude than the volume of a 

small volume well’s annual groundwater withdrawals (for example, 1 AF/yr).  

For comparison, Montgomery and Associates (Mark Cross memo for BHP 

Copper at 10) noted that the mass balance difference presented for subzone 1, 

at the end of summer 1986 in the ADWR’s Initial Subflow Depletion Report, 

was 0.892 AF/yr.  

 

5. Surface water runoff is an important component of the hydrologic system that 
should be further evaluated and incorporated into a revised SVS model. 

There was total agreement among stakeholders responding to this item that surface water 

runoff was an important component of the hydrologic system that should be included in 

any update of the SVS model.  Various opinions were expressed regarding whether the 

existing MODFLOW Stream Routing package (STR) or a version of the newer Streamflow 

Routing package (SFR1 or SFR2) should be used.  The general consensus seemed to opt 

for some version of the newer SFR package. 

 

ADWR agrees this is a necessary upgrade to the current SVS model.  However, 

ADWR will not undertake this action until it has had further discussions with 

stakeholders and their technical representatives and evaluates how other 
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potential modifications to the SVS model would impact the priority and 

sequencing of such work.  

 

6a. A significantly larger number of Zonebudget subzones may be required to 
potentially quantify impacts of specific wells to subflow depletion. 

Most parties commenting expressed the opinion that the number of zones was excessive 

and unneeded.  State Law Parties further asserted that zones should be limited only to 

model layers that represent the vertical limits of the Holocene alluvium. 

 

To provide further background on this topic, ADWR originally started with a 

less complex (10 subzone) Zonebudget input file consisting of one subzone in 

each model layer representing the regional aquifer and one subzone in each 

model layer representing the subflow zone.  After obtaining preliminary results 

from Zonebudget, ADWR found it was impossible to know where lateral inflow 

to the subflow zone and outflow from the subflow zone was occurring using the 

original 10 subzone configuration.  To aid in the understanding of where flow 

was entering and leaving the subflow zone, ADWR later developed the 15 

subzone Zonebudget input file that was reported in the Initial Depletion Report.  

ADWR agrees that a less complex lateral array of subzones would be 

appropriate for most analyses; however, for reasons that will be discussed later 

in ADWR’s response to the State Law Parties’ concerns about the vertical extent 

of the subflow zone, a two-subzone input file would not suffice.  

 

6b. Groundwater flow direction mapping has been demonstrated to be an important 
tool in future analysis.   

For those commenting on this item, the complexity of flow directions seemed irrelevant to 

the quantitative analysis of subflow depletion using MODFLOW and Zonebudget. 

 

ADWR continues to believe groundwater flow direction mapping is a useful and 

important tool in the analysis of subflow depletion, and for many other 
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hydrologic purposes.  ADWR found it to be a useful tool in determining areas 

where complex vertical and lateral flow was occurring in the aquifer system.  

ADWR also found that it was extremely useful in showing areas in various model 

layers where groundwater flow was essentially parallel or sub-parallel to the 

flow of the San Pedro River. It may have been an unfortunate misconception if 

any party assumed ADWR intended to use flow direction mapping for any 

quantitative purpose because ADWR only intends to use the tool qualitatively to 

better understand the complexities of vertical and lateral groundwater flow that 

may be difficult to ascertain from a review of regional scale groundwater 

elevation maps.  

 

7a. If a future model update is conducted and a newer version of the STR package is 
used, model recalibration would be required. 

There was general agreement on this item.  However, most stakeholders that commented 

on this item expressed the opinion that model recalibration would be required, regardless 

of potential upgrades to the model’s stream package. 

 

ADWR agrees. 

 

7b. If model recalibration is required, consider model grid refinement in vicinity of 
subflow zone. 

There were mainly positive responses on this topic; however, the GRIC stated that it was 

not convinced grid refinement was necessary because small scale flow mapping was 

unnecessary. 

 

ADWR believes that an evaluation of the potential benefits and drawbacks of 

grid size reduction in the vicinity of the subflow zone is merited.  However, this 

is a task that should not be undertaken until after further discussions with 

stakeholders and their technical representatives have occurred and a general 

plan for future model update and recalibration has been formulated. 
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5.0 RESPONSES TO SELECTED COMMENTS 
The Vertical Extent of the Zonebudget Subzone Input File Should Only Include 
Model Layers That Correspond to the Holocene Alluvium. 
 

Consultants for the State Law Parties, Amy Hudson (Tetra Tech for Freeport) and Mark 

Cross (Montgomery for BHP Copper) raised concerns about the vertical extent of subflow 

zone as it was delineated by ADWR in the work presented in Appendix 4 of the Initial 

Depletion Report.  Specifically, they were concerned that the subflow zone delineated by 

ADWR included layers that did not correspond to the Holocene alluvium.   

 

In his April 11, 2019 memo to Snell & Wilmer, Mr. Cross stated that, “… subzones along 

the San Pedro and Babocomari Rivers should be limited to model cells in the Holocene 

alluvium, which is referred to as pre- and post- entrenchment stream alluvium by Pool and 

Dickinson (2007), and is represented chiefly by model layer 1 in the USGS model.”5  Mr. 

Cross later commented, “The correct application of Zonebudget for subflow depletion 

testing would require limiting the subzones along the rivers to the Holocene alluvium 

(chiefly layer 1), so that flows tabulated by Zonebudget would be between the Holocene 

alluvium and the underlying basin-fill sediments.”6  

 

In her April 10, 2019 memo to Fennemore Craig, Dr. Hudson stated that, “ADWR has 

developed and applied an incorrect conceptual model of the subflow zone in its depletion 

test analysis”.7  Dr. Hudson further commented, “The subflow zone is narrowly defined by 

the court as the saturated Holocene alluvium (Gila IV), which is limited to the material 

immediately adjacent to and beneath the stream, and in direct hydraulic connection to the 

                                                           
5 See State Law Parties’ Preliminary Comments on ADWR’s Initial Subflow Depletion Test Report, filed 
April 12, 2019, Exhibit B at 2.    
6 Id. at 3.   
7 See State Law Parties’ Preliminary Comments on ADWR’s Initial Subflow Depletion Test Report, filed 
April 12, 2019, Exhibit A at 2.    
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stream.”8 Dr. Hudson concluded her comments by noting, “The solution to this conceptual 

model problem, however is not as simple as limiting the Zonebudget (USGS, 1990) 

analysis to just model Layer 1, where only stream alluvium is present in the model.  Since 

the USGS numeric groundwater model and the definition of the subflow zone in the San 

Pedro River watershed were developed independently of each other, the subflow zone is 

not associated with only one area of hydrogeologic parameters in the model or a specific 

model layer or set of model layers.  The depletion test will need to be limited to the lateral 

extent of the subflow zone, which can be overlain on the groundwater model, and the 

appropriate vertical limits.  This would include only those portions of the upper model 

layers that are definitively representative of adjacent geologic materials that are saturated 

and in direct hydraulic connection to the river.  Only once the depletion test is limited to 

those portions of the model that are representative of the subflow units, both laterally and 

vertically, can the results of this analysis be truly evaluated.”9  

 

For clarification, the subflow zone delineated by ADWR included all model 

layers.  In its delineation of the Zonebudget subflow zone, ADWR recognized 

many of the same facts that were discussed by Dr. Hudson.  For example, model 

cells representing the San Pedro River and adjacent tributaries and the 

Babocomari River are included in 4 out of 5 model layers in the United States 

portion of the model (Table 3).  Figure 1 shows the locations of model stream 

cells in the US portion of the model and identifies the model layer assigned to 

each cell.  

 

Figure 1 shows that stream cells assigned to model layer 1 are restricted to the 

San Pedro River, with most representing the San Pedro south of Lewis Springs, 

and a few located just south of the confluence of the Babocomari and San Pedro 

Rivers near Fairbanks. Stream cells located along the San Pedro River in 

                                                           
8 Id.  
9 Id. at 2-3. 
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hardrock areas north of Lewis Springs are primarily assigned to model layer 5.  

The Babocomari River is represented by model cells assigned to layers 5, 4 and 

2 (Figure 1).   

 

In its delineation of the extent of the subflow zone, ADWR considered four 

important factors. First, ADWR utilized the lateral extent of the subflow zone 

as delineated in its May 2015 Report and approved by the Court in the July 13, 

2017 Order.   Second, ADWR’s evaluation of steady-state groundwater flow in 

the area delimited by the lateral limits of the subflow zone indicated mostly 

parallel to sub-parallel flow directions to the river’s surface flow for most model 

layers, with exceptions to that trend noted mainly in Layer 5 in the vicinity of 

the US-Mexico International border.  
 

Table 3: Number of Stream Cells per Model Layer in USGS SVS 
 Model 

 
 

 

 

 

 

 

 

 

 

 

 

A third factor ADWR considered was the fact that there is significant vertical 

hydraulic connectivity between all model layers within the lateral confines of the 

Number of Stream Cells in the USGS SVS Model  
Number of Stream Cells in Layer 1 in US  250 
Number of Stream Cells in Layer 1 in Mexico  0 
Number of Stream Cells in Layer 2 in US  135 
Number of Stream Cells in Layer 2 in Mexico  
 

4 
Number of Stream Cells in Layer 3 in US  0 
Number of Stream Cells in Layer 3 in Mexico  
 

0 
Number of Stream Cells in Layer 4 in US  
 

79 
Number of Stream Cells in Layer 4 in Mexico  
 

186 
Number of Stream Cells in Layer 5 in US  
 

218 
Number of Stream Cells in Layer 5 in Mexico  
 

126 

Total Number of Stream Cells in US  682 
Total Number of Stream Cells in Mexico  
 
 

316 
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subflow zone.  To demonstrate this point ADWR created a new zone input file 

composed of 12 subzones (Table 4). 

Table 4: Zonebudget Subzone Input File Description 
Model Layer(s) Description Subzone 

1 Babocomari SFZ 1 
2 Babocomari SFZ 2 
3 Babocomari SFZ 3 
4 Babocomari SFZ 4 
5 Babocomari SFZ 5 
1 San Pedro SFZ 6 
2 San Pedro SFZ 7 
3 San Pedro SFZ 8 
4 San Pedro SFZ 9 
5 San Pedro SFZ 10 

1-5 US Regional Aquifer 14 
1-5 Mexico Regional Aquifer 15 

Using the new subzone input file ADWR reanalyzed the steady-state and 2002 

transient MODFLOW budget data that was originally reported in ADWR’s 

Initial Depletion Report.  The results of the reanalysis are listed in Table 5 and 

Table 6.   

An important result from the reanalysis of steady-state data that supports 

ADWR’s contention that there is a very direct vertical hydraulic connection 

between all model layers within the lateral confines of the subflow zone is the 

fact that the total net lateral inflow to the subflow zone from the adjacent 

regional aquifer (including all model layers) was eventually discharged to the 

river as baseflow or as evapotranspiration from riparian vegetation within the 

lateral extent of the subflow zone (Table 5).  The net lateral flow that entered the 

subflow zone (regardless of layer) gradually flowed upward to places of 

groundwater discharge within the lateral limits of the subflow zone.  The 

magnitude and importance of the vertical flow can be seen by comparing the net 

lateral steady-state inflow for the San Pedro River subflow zone for Layer 1 

(2.56 AF/Day) to the net vertical inflow into Layer 1 (24.09 AF/day).  Similar 
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results were also obtained from the reanalysis of 2002 data (Table 6), with the 

exception that net well pumpage and storage change were also factored into the 

transient water balance.  To summarize, these modeling results indicate that the 

net lateral inflow to the subflow zone, regardless of depth, becomes water that is 

eventually discharged to the surface or to wells within the subflow zone, and 

therefore calculations of subflow zone depletion must include all model layers 

that intersect the subflow zone.  

 

Fourth, ADWR finds further support for its conceptualization of the subflow 

zone based upon the Gila IV decision that “All wells located within the lateral 

limits 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(s) ‘drawdown’ from the floodplain alluvium, then the well will be 

treated as outside (emphasis added) the ‘subflow’ zone”.10   

 

The Report excludes the temporal and cumulative impacts caused by De Minimis 
water uses. 
 

This and related comments were provided by the San Carlos Apache and Tonto Apache 

representatives.   

 

In responding to this comment ADWR wants to clarify that no pumping was 

removed for de minimis or otherwise small volume wells in its analysis of subflow 

depletion that is described in its Initial Depletion Report.  However, ADWR 

recognizes that these comments may have been made in anticipation that such 

uses may someday be exempted from the adjudication.  However, even if such 

wells were exempted from the adjudication, any historic or projected future 
                                                           
10 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 198 
Ariz. 330, 338, 9 P.3d 1069, 1077 (2000). 
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pumpage associated with such wells would not be removed from the background 

“base” pumpage that all future depletion analyses would be compared to. 

 

The depletion analysis should quantify the absolute decline in water quality of stream 
flow. 
 

This and related comments were provided by the San Carlos Apache and Tonto Apache 

representatives. 

 

ADWR does not at this time contemplate the development of a water quality 

model to perform the suggested analysis.  However, if so directed by the court, 

ADWR would prioritize such work along with other tasks previously mentioned.  

 

Additional models will be required for other parts of the San Pedro River Watershed.  

 

This, and similar comments were received from various parties.   

 

ADWR acknowledges that current guidance from the Court will require the 

extension of the SVS model to the remainder of the San Pedro watershed.  

ADWR sees substantial work ahead related to model updates and model 

development.  However, as mentioned previously, ADWR wants to engage with 

stakeholders in identifying priorities and potential collaborative efforts and 

develop approaches to accomplishing future work in an efficient and cost-

effective manner. 
 

6.0 WHETHER THE REDUCTION OF FLOW TO THE SUBFLOW ZONE 
FROM THE REGIONAL AQUIFER SHOULD BE CONSIDERED 
SUBFLOW ZONE DEPLETION 

ADWR stated in its Initial Depletion Report: 
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“Further, administering only the volume of water leaving the subflow zone 
will not protect senior appropriable surface water rights from interference 
caused by pumping from COD Test Wells. For instance, based on ADWR’s 
analysis described in Appendix 4, if only the volume of water leaving the 
subflow zone is subject to administration, the St. David Ditch may 
experience a similar amount of interference as it would if there were no wells 
subject to the adjudication by reason of their cone of depression. All of the 
time, effort, and expense to design and implement the cone of depression test 
in the Sierra Vista subwatershed could prove to be wasted.” 11 

 

Unsurprisingly, the parties have divergent views on this issue.  ADWR believes this issue 

is very significant and its resolution will require input from the Court.  However, ADWR 

believes that continued progress can be made revising the SVS model while this issue is 

addressed. 

 

7.0 CONCLUSIONS 

ADWR and the parties agree that: 

• It is appropriate to use MODFLOW and Zonebudget to calculate subflow zone 

depletion. 

• It is appropriate to calculate subflow zone depletion by comparing results from one 

model simulation that includes all pumping to a second simulation that includes all 

pumping except for the pumping assigned to the specific well or wells of interest. 

 

ADWR has initiated the following actions: 

• Combining the eight individual USGS SVS transient model simulations into a single 

transient model simulation period. 

• Acquiring and evaluating post-2002 pumping and recharge data, including well and 

recharge locations, from the Nature Conservancy. 

 

                                                           
11 ADWR 2018, p. 19.  
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ADWR intends to discuss and potentially achieve consensus on the following issues during 

the meeting of experts currently scheduled for June 11 and 12, 2019 before taking 

additional action: 

• The optimal way to address surface water runoff in the model 

• Whether significant structural changes to the existing SVS model are necessary 

• The appropriate number of Zonebudget subzones to utilize in future calculations 

• Potential ways to address mass balance errors 

• Whether model grid refinement near the subflow zone boundary is necessary 

• Other issues as identified 

 

8.0 REFERENCES 

ADWR, 2018. ADWR Initial Subflow Depletion Test Report. 
 

USGS, 2007. Ground-Water Flow Model of the Sierra Vista Subwatershed and Sonoran 
Portions of the Upper San Pedro Basin, Southeastern Arizona, United States, and 
Northern Sonora, Mexico. USGS Scientific Investigations Report 2006-5228. 
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Figure 1: Location of Stream Cells in USGS SVS Model (US Only)  
Cells Identified by Assigned Model Layer  
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Table 5: Steady State Zonebudget Analysis USGS SVS MODFLOW Model 
    AF/D 
  Layer --> 1 2 3 4 5 
Babocomari SFZ Subzone --> 1 2 3 4 5 
Storage In   0.00 0.00 0.00 0.00 0.00 
Storage Out   0.00 0.00 0.00 0.00 0.00 
Inflow From Regional Aquifer to SFZ in US   0.00 3.57 0.73 5.19 6.30 
Outflow To Regional Aquifer from SFZ in US   0.00 -1.68 -0.48 -5.76 -2.05 
Inflow From Regional Aquifer to SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Outflow To Regional Aquifer from SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Vertical Inflow From Layer Below in SFZ   0.00 2.00 1.50 0.15 0.00 
Vertical Inflow From Layer Above in SFZ   0.00 0.00 0.28 0.04 0.00 
Vertical Outflow to Layer Above in SFZ   0.00 0.00 -2.00 -1.50 -0.15 
Vertical Outflow to Layer Below in SFZ   0.00 -0.28 -0.04 0.00 0.00 
Wells In   0.00 0.00 0.00 0.00 0.00 
Wells Out   0.00 0.00 0.00 0.00 0.00 
Stream Leakage In   0.00 1.43 0.00 2.82 0.30 
Stream Leakage Out   0.00 -4.79 0.00 -0.89 -4.44 
GW Underflow    0.00 0.00 0.00 0.00 0.00 
Recharge   0.00 0.01 0.00 0.02 0.04 
ET   0.00 -0.26 0.00 -0.07 -0.01 
Drain Discharge   0.00 0.00 0.00 0.00 0.00 
sum   0.00 0.00 0.00 0.00 0.00 
    AF/D 
  Layer --> 1 2 3 4 5 
San Pedro SFZ Subzone --> 6 7 8 9 10 
Storage In   0.00 0.00 0.00 0.00 0.00 
Storage out   0.00 0.00 0.00 0.00 0.00 
Inflow From Regional Aquifer to SFZ in US   2.80 11.02 3.51 21.19 2.38 
Outflow To Regional Aquifer from SFZ in US   -0.24 -2.11 -0.88 -9.33 -0.91 
Inflow From Regional Aquifer to SFZ in 
Mexico   0.00 2.32 0.64 0.21 0.01 
Outflow To Regional Aquifer from SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Vertical Inflow From Layer Below in SFZ   24.09 15.39 12.07 0.35 0.00 
Vertical Inflow From Layer Above in SFZ   0.00 0.12 0.06 0.01 0.00 
Vertical Outflow to Layer Above in SFZ   0.00 -24.09 -15.39 -12.07 -0.35 
Vertical Outflow to Layer Below in SFZ   -0.12 -0.06 -0.01 0.00 0.00 
Wells In   0.00 0.00 0.00 0.00 0.00 
Wells Out   0.00 0.00 0.00 0.00 0.00 
Stream Leakage In   4.32 0.54 0.00 0.24 0.02 
Stream Leakage Out   -19.97 -0.11 0.00 -0.16 -0.40 
GW Underflow    0.00 0.00 0.00 0.00 0.00 
Recharge   0.03 0.02 0.00 0.00 0.00 
ET   -10.90 -3.04 0.00 -0.45 -0.76 
Drain Discharge   0.00 0.00 0.00 0.00 0.00 
sum   0.00 0.00 0.00 0.00 0.00 
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Table 6: Base 2002 Zonebudget Analysis USGS SVS MODFLOW Model (Average Daily) 
    AF/D 

  Layer --> 1 2 3 4 5 
Babocomari SFZ Subzone --> 1 2 3 4 5 
Storage In   0.00 0.11 0.00 0.01 0.00 
Storage Out   0.00 -0.14 0.00 0.00 0.00 
Inflow From Regional Aquifer to SFZ in US   0.00 1.85 0.38 4.01 6.14 
Outflow To Regional Aquifer from SFZ in US   0.00 -1.11 -0.34 -5.37 -2.09 
Inflow From Regional Aquifer to SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Outflow To Regional Aquifer from SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Vertical Inflow From Layer Below in SFZ   0.00 1.07 1.02 0.14 0.00 
Vertical Inflow From Layer Above in SFZ   0.00 0.00 0.05 0.00 0.01 
Vertical Outflow to Layer Above in SFZ   0.00 0.00 -1.07 -1.02 -0.14 
Vertical Outflow to Layer Below in SFZ   0.00 -0.05 0.00 -0.01 0.00 
Wells In   0.00 0.06 0.00 0.00 0.00 
Wells Out   0.00 -0.11 -0.03 -0.21 -0.01 
Stream Leakage In   0.00 0.76 0.00 3.34 0.38 
Stream Leakage Out   0.00 -2.13 0.00 -0.73 -4.33 
GW Underflow    0.00 0.00 0.00 0.00 0.00 
Recharge   0.00 0.01 0.00 0.02 0.04 
ET   0.00 -0.30 0.00 -0.18 -0.01 
Drain Discharge   0.00 0.00 0.00 0.00 0.00 
sum   0.00 0.00 0.00 0.00 0.00 
    AF/D 
  Layer --> 1 2 3 4 5 
  Subzone --> 6 7 8 9 10 
San Pedro SFZ             
Storage In   2.95 0.83 0.02 0.19 0.02 
Storage Out   -3.99 -1.06 -0.02 -0.24 -0.01 
Inflow From Regional Aquifer to SFZ in US   1.94 9.95 3.22 20.45 2.19 
Outflow To Regional Aquifer from SFZ in US   -0.19 -2.36 -0.71 -9.17 -0.81 
Inflow From Regional Aquifer to SFZ in 
Mexico   0.00 1.17 0.37 0.13 0.02 
Outflow To Regional Aquifer from SFZ in 
Mexico   0.00 0.00 0.00 0.00 0.00 
Vertical Inflow From Layer Below in SFZ   19.93 13.75 11.00 0.40 0.00 
Vertical Inflow From Layer Above in SFZ   0.00 0.18 0.21 0.34 0.00 
Vertical Outflow to Layer Above in SFZ   0.00 -19.93 -13.75 -11.00 -0.40 
Vertical Outflow to Layer Below in SFZ   -0.18 -0.21 -0.34 0.00 0.00 
Wells In   0.00 0.45 0.00 0.05 0.00 
Wells Out   0.00 -0.61 0.00 -0.83 -0.01 
Stream Leakage In   4.02 0.25 0.00 0.53 0.09 
Stream Leakage Out   -9.06 -0.03 0.00 -0.07 -0.41 
GW Underflow    0.00 0.00 0.00 0.00 0.00 
Recharge   0.03 0.02 0.00 0.00 0.00 
ET   -15.45 -2.39 0.00 -0.77 -0.68 
Drain Discharge   0.00 0.00 0.00 0.00 0.00 
sum   0.00 0.00 0.00 0.00 0.00 
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Table 1: Summary of Stakeholder Responses to General ADWR Proposals, Questions, Concerns or Conclusions Presented in ADWR’s Initial Depletion Report 

Item 
ADWR Proposal, Question, Concern or Conclusion 
Presented in Initial Depletion Report (including 
Appendix 4) 

United 
States 

Salt River 
Project 
(SRP) 

Pueblo del 
Sol and City 

of Sierra 
Vista 

Gila River Indian 
Community 

(GRIC) 
State Law Parties 

San 
Carlos 
Apache 

and 
Tonto 

Apache 

Brief Summary of Stakeholder Responses      
(See Text For Additional Discussion) 

Consultant, if more than one per party ----> Tetra Tech Montgomery 

1 
Combination of MODFLOW and Zonebudget Is A 
Generally Appropriate Method to Analyze Subflow 
Zone Depletion 

NC CA GA GA CA CA NC 

General agreement by all parties that MODFLOW and 
Zonebudget are appropriate tools to conduct SFZ 
depletion analysis.  However, concerns expressed by 
various parties about quality and accuracy of USGS SVS 
model, and/or details of the delineation of Zonebudget 
subzones (complexity and/or the vertical extent) 

2 

Depletion can be calculated as the difference between 
one model run that includes all pumpage and a second 
model run that includes all pumpage except for the 
pumpage of a specific well or wells of interest. 

NC GA NC NC NC GA NC General agreement that a difference analysis such as 
presented is appropriate. 

3 

Critical Finding #1   Transient pumping reduces flow 
from the regional aquifer to the SFZ, while flow from 
the SFZ to the regional aquifer remains relatively 
constant.  Based on simulations, it is believed the St. 
David diversion would experience reduced flows; and 
more generally, any appropriable senior water rights 
could be severely impacted before measurable flow 
from the subflow zone to the regional aquifer would 
occur.  

NC D NC CA NC CA NC 

Partial agreement with results for most parties but some 
disagreement with ADWR’s characterization of general 
consistency of flow from SFZ to aquifer as being an 
"unexpected" result. Concerns expressed by GRIC that 
reductions in flow from regional aquifer to SFZ should 
also be considered and are not currently included in the 
analysis. 

4 

Critical Finding #2 Transient pumping significantly 
alters steady-state flow patterns in and near the SFZ.  As 
a result, depletion analysis may be complicated and 
technically challenging.  Analysis not incorporating 
runoff is insufficient, however this exclusion is unlikely 
to change the fundamental problem that flows from 
subflow zone to regional aquifer may not be measurable 
until senior appropriable water rights have been 
impacted.  

NC NC NC CA NC D NC 

Complex flow patterns not a concern, combination of a 
properly constructed MODFLOW model used with 
Zonebudget will be sufficient to conduct analysis.  
Concerns expressed by GRIC that reductions in flow from 
regional aquifer to SFZ should also be considered and are 
not currently included in the analysis. 

5 
Should depletion analysis include reduction in flow 
from regional aquifer to SFZ in addition to increase in 
flow from SFZ to regional aquifer? 

NC D NC GA NC NC NC 

Concerns expressed by GRIC that reductions in flow from 
regional aquifer to SFZ should also be considered and are 
not currently included in the analysis.  SRP disagreement 
relates to the need to be consistent with state law and 
historic court decisions on this matter; rather than the 
technical finding that the reduction in flow to the subflow 
zone due to regional pumping also causes subflow 
depletion. 

GA = Generally Agree   CA = Generally or partially agree but have some concerns or caveats    D = Disagree    NC = No comment   SFZ = Subflow zone 

 Note:  In many cases, a definitive statement of agreement or disagreement concerning a particular topic was not provided in stakeholder comments.  In other cases, partial agreement or mixed positions or statements were provided on various 
aspects of complex issues.  ADWR did its best to interpret and classify stakeholder comments and positions on specific topics into the general categories indicated, but acknowledges the difficulty and potential for less than precise classification. 
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Appendix B 

Table 2: Summary of Stakeholder Responses to ADWR’s Discussion of SVS Model Limitations, Other Considerations and Recommendations Presented in ADWR’s Initial Depletion Report 

GA = Generally Agree   CA = Generally or partially agree but have some concerns or caveats    D = Disagree    NC = No comment P = Proceed to address limitation or issue   FR = Future review requested or recommended 

Note:  In many cases, a definitive statement of agreement or disagreement concerning a particular topic was not provided in stakeholder comments.  In other cases, partial agreement or mixed positions or statements were provided on various 
aspects of complex issues.  ADWR did its best to interpret and classify stakeholder comments and positions on specific topics into the general categories indicated, but acknowledges the difficulty and potential for less than precise classification. 

Item 

General Description of SVS Model 
Limitations, Other Considerations and 
Recommendations Identified by ADWR 
(Initial Depletion Report Appendix 4, page 
28) 

United 
States 

Salt 
River 

Project 
(SRP) 

Pueblo 
del Sol 

and 
City of 
Sierra 
Vista 

Gila River 
Indian 

Community 
(GRIC) 

State Law Parties 
San Carlos 
Apache and 

Tonto Apache 

Brief Summary of Stakeholder Responses 
 (See Text For Additional Discussion) 

Consultant, if more than one per party ----> Tetra 
Tech Montgomery 

1 
The eight individual USGS SVS transient model 
simulations should be combined into a single 
transient model simulation period 

P GA NC GA GA GA NC  General agreement this would be a useful improvement. 

2 

Update USGS SVS Model with currently 
available pumping and recharge data (Post 
2002).  Evaluate recent Nature Conservancy data 
for potential use. 

P NC NC GA CA NC NC  General agreement this should be done after a review of data is conducted. 

3 

Develop consistent locations for wells and 
recharge locations in SVS model well and 
recharge packages for historic and future 
projections.  Evaluate Nature Conservancy data 
for potential use. 

P NC NC GA GA NC NC  General agreement this should be done after a review of data is conducted. 

4 

SVS model mass balance errors may be 
problematic, particularly for the accurate 
analysis of SFZ depletion by wells pumping 
small volumes. 

P GA NC GA GA CA NC General agreement that mass balance errors could be a problem for some wells and efforts 
should be made to reduce the errors.  Several suggestions offered to reduce errors. 

5 

Surface water runoff is an important component 
of the hydrologic system that should be further 
evaluated and incorporated into a revised SVS 
model. 

P GA GA GA CA CA NC Various opinions expressed regarding which package (STR or SFR) should be used but all 
agreed that surface water runoff should be evaluated and included in the model.  

6a 
A significantly larger number of Zonebudget 
subzones may be required to potentially quantify 
impacts of specific wells to subflow depletion.  

P D NC D CA D NC 

Most parties commenting expressed the opinion that the number of zones utilized by 
ADWR in the Initial Depletion Report were excessive and unneeded.  State Law Parties 
further asserted that zones should be limited only to model layers that represent the vertical 
limits of the Holocene alluvium. 

6b 
 Groundwater flow direction mapping has been 
demonstrated to be an important tool in future 
analysis.   

P NC NC D NC D NC  For those commenting on this item the complexity of flow directions seemed irrelevant to 
the quantitative analysis of subflow depletion using MODFLOW and Zonebudget. 

7a 
If a future model update is conducted and a 
newer version of the STR package is used, 
model recalibration would be required.  

P GA NC GA NC CA NC 
 General agreement on this item.  However, most stakeholders that commented on this item 
expressed the opinion that model recalibration would be required, regardless of potential 
upgrades to the model’s stream package. 

7b  If model recalibration is required, consider 
model grid refinement in vicinity of SFZ.  P GA FR D GA NC NC 

 Mainly positive responses on this topic however the Gila River Indian Community stated 
that it was not convinced grid refinement was necessary, because small scale flow mapping 
was unnecessary. 




