





















































































































































Figure 10. Water quality in well D(5-24)31aaa.
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Sulfate (ppm)

Figure 10. Water quality in well D(5-24)31aaa, continued.
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Figure 10. Water quality in well D(5-24)31aaa, continued.
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Date
8/20/53
8/5/54
8/16/55
5121157
5/26/59
6/21/60
8/21/62
8/6/63
5/5/64
8/3/65
7/5/66
7115175

1100

Table 11. Water quality data for well D(4-23)35ada.
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Figure 11. Water quality in well D(4-23)35ada.
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Study of Muller and others (1973) and Muller (1973)

Groundwater quality trends

A major study of groundwater quality in the Safford Valley was attempted in the early
1970s. Although the work is largely that of students in hydrology summer field camps, the
resulting reports seem to carry much weight because the study represented the only attempted study
of long-term trends of groundwater quality in the Safford Valley up to that time. The study
includes an analysis of the economics of agriculture, and ties the future of farming in Safford to the
quality of groundwater.

The results were presented in a report titled ‘An analysis of water quality problems in the
Safford Valley, Arizona’, informally published as Hydrology Department Technical Report 15.
(Muller and others, 1973), which was a compilation of the work of several University of Arizona
Hydrology Department summer field camps. That report was summarized and semi-formally
published in a hydrology symposia Proceedings, titled ‘Salinity problems of the Safford Valley: an
interdisciplinary analysis® (Muller, 1973). Unless otherwise specified, the following discussion
will pertain to the former report.

The opening sentence of the abstract of Muller and others (1973) states “A marked change
in ground water quality in the Safford Valley of Graham County, Arizona, averaging
approximately +0.129 x 10°> mhos electrical conductivity per year and +35 parts per million
chloride per year, has been documented between 1940 and 1972 with data from ten long-term
sample wells”. Muller (1973) asserts “A change in groundwater quality, averaging approximately
+0.13 millimhos electrical conductivity and +35 ppm chloride per year, has been documented in ten
long-term sample wells”.

The claim that the average salinity of groundwater in the Gila Valley is increasing by the
amounts reported is a bold statement. For perspective, an increase of 0.129 x 10° or 0.13 4
millimhos equals 129 and 130 micromhos or pS/cm, respectively. At that rate, water in any
particular well would be expected to increase 1300 pS/cm every decade. A well starting in 1972 at
1000 puS/cm would, in 1999, have a conductivity of 3640 (approximately 2200 mg/l TDS). After
forty years, a well starting at 1000 pS/cm would have a conductivity of 6200 uS/cm (3720 mg/1
TDS).

A reader may left with the impression that water quality problems not only will affect the
future of agriculture in the Gila Valley, but are also largely the result of agriculture. It is for those
reasons that the Muller reports are critically evaluated here.

The three figures from the Muller report of interest here are “Long-term sample well
location map”, the “1944-1972 Electrical Conductivity Change” map and the “1944-1972 Chloride
change” map. The last two maps are reproduced in reduced size here as Figures 12 and 13, with
the 10 long-term sample well locations added. Of paramount importance to their modeling of
groundwater quality changes, and to the economic analyses and forecasts are the data for these
wells (Muller and others, 1973, Table 35, page 48), reproduced here as Table 12,

The major limitation of doing water-quality-change studies, as admitted in that report, is
the lack of wells with a long history of chemical analyses. In a valley with literally thousands of
wells, only ten were identified by Muller’s group as having more than twenty years of monitoring
data. In two of these cases, only two analyses were used to establish ‘trends’ in a system that has
been shown to be highly variable over short period of time and over short distances (e.g., Hem,
1950). Six of the ten wells had only three analyses.

With only ten wells to serve as ‘control points’ in a study area of more than 180 square
miles, the establishment of detailed contours of conductivity and chloride change is over-
interpretation. Curiously, the patterns of contour lines for long-term changes in electrical
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conductivity (EC) (Figure 12) and chloride (Figure 13) do not match, even though they rely on the
same wells as control points. Furthermore, conductivity is mostly the result of the levels of
chloride and sodium, the two most important measures of water quality in the Safford Valley, and
conductivity should mirror changes in those constituents. Yet, where the largest magnitudes of
conductivity changes are plotted, there are no similar bullseyes for chloride. That a change in
conductivity of this magnitude is not matched by a similar change in chloride is astonishing.

Discussion of well data

The following discussion details errors made in the data presented in Muller and others
(1973), Table 12 of this report. (That table is not presented in the Muller, 1973 publication).
References in Muller’s Table 12 are as follows: [9] = Calvin, 1946; [17] = Dutt and McCeary,
1970; [38] = Hem, 1950; [58] = Smith and others, 1963; [59] = Smith and others, 1964; [80] =
“Wright, 1972”, which is the data from the 1972 hydrology summer field camp, presented as an
appendix of Muller and others( 1973).

WELL ‘A’ “D(5-23)13ad”

o  This well is actually D(5-23)12ad. There is no well listed in references [38], [58], or [59] in
section 13 with that owner or chemical data.

e The well should not be plotted because section 12 is off their map.

e The sample date in [38] is 4/43, not 4/44. ‘

e Wells listed in [59] generally do not have quarter designations, and this well does not.
Therefore, whether the well listed in [59] is in 12ad, or is another well in section 12 cannot be
determined from the information reported in that reference.

e The USGS Ft. Thomas quadrangle shows at least three wells in the SE Y4 of section 12.
Without proper ¥-% designations, these wells (and any others in section 12) cannot be
distinguished from a list such as in [59].

o Reference [80], which is an appendix of the Muller report itself, does not list this well in its
tabulation of water quality measurements taken in 7/72. The source of this data could not be
found.

e The well listed in [38] as section 12ad is 30 feet deep. The well in [59] is 50 feet deep.
Therefore, the reason for the difference in EC and Cl between 1944 and 1972 is because the
samples are from two different wells.

WELL ‘B’ D(4-23)27dd

e This well, located in Township 4 South, should not be plotted, because their maps only extend
to part-way up T5S and T4S is off the map.

e  Well B is on their map anyway, but is plotted in D(5-24)16cc, in the wrong section of the
wrong Township and Range.

e The “H. Uhli” well in [38] is in the SE Y of the NE Y4 (27ad, depth 65 feet). The “H. Uhli”
well in [58] gives only the SE ¥4 (27d, depth, 60 feet). Another reference, not used by the
Muller group (Smith and others, 1949), lists a well under the name H.H. Uhli in section 27
(with no ¥ section) having a depth of 50 feet. With such conflicting information, it is possible
that two different wells were sampled.

e Two analyses are available for the 27ad well in [38], but only one was presented in their table
of data and used in subsequent interpretations. In the case of well E, by contrast, three
analyses were available in [38] and all three were used. The reason for using all of the
available data for one well, but only selected data for another is not given.
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The two analyses from [38] show that the chloride changed significantly from June, 1940 to
April, 1943, and the change was a decrease from 1388 to 1140 ppm.

Reference [80], which is an appendix of the Muller report itself, does not list this well in its
tabulation of water quality measurements taken in 7/72. The source of this data could not be
found.

The EC of 7.6 (=7600 pmhos or puS/cm) is reported to be from [58] , but that reference does
not list any EC values. The value for EC, therefore, had to be calculated from the TDS value
listed in [58]. One of the criteria for choosing the ten wells for the long-term trend analysis
was that they were all supposed to have EC measurements. Using the strict criteria imposed
by the Muller group, this well should technically not have been included as a long-term
monitoring well. If calculated EC values are acceptable, then there are probably many more
wells than just ten available for evaluations of long-term trends. Because EC and TDS are
linearly related, one can be calculated from the other fairly accurately, but in doing so the
result should always be reported as a calculated value, not as a measurement.

In the explanation section of the Muller group’s Map 14, ‘Long-term sample well location
map’, is the statement “Water quality data over a minimum period of twenty years was
available only for these ten wells.” Well B, however has only a 14 year sampling period, and
therefore should not have been included as a long-term well if the minimum required sampling
period was twenty years.

WELL ‘C’ “D(4-24)31dd”

This well is D(5-24)31 but is incorrectly labeled as D(4-24)31dd in their table, (which would
be off their map anyway)

Reference [59] does not give a Ya-section designation for the ‘E. Palmer’ well in section 31.
ADWR’s GWSI database lists 20 wells in section 31, 9 of which are under the name E.
Palmer.

Table 5 lists the 1941 EC and Cl as 2.2 mmhos and 1520 ppm, while the 1960 values are 8.0
and 2240. The supposed change in conductivity (3.6X) is much greater in magnitude than the
chloride increase (1.5X). The reason for the discrepancy can be traced to the source of the
data for the 1941 analysis, (Hem, 1950; p. 158-159, analysis #2104), which reports a
conductivity of 5.64 mmbhos for the E. Palmer well, not the 2.2 in the table.

On the Muller group’s ‘1944-1972 Electrical Conductivity Change’ map, well C is located on
the +4000 pmho contour line, even though the data as presented in the table show a change of
+5800 pmbhos.

The depth of the well in [38] is 76 feet; the depth listed in [59] is 80 feet. There is a possibility
that two different wells were sampled.

In the explanation section of the Muller group’s Map 14, ‘long-term sample well location
map’, is the statement “Water quality data over a minimum period of twenty years was
available only for these ten wells”. Well C, however has a sampling record of only 18% years,
and therefore should not have been included as a long-term well if the minimum sampling
period required was twenty years.

WELL ‘D’ “D(6-24)2dd”

The well sampled in [38] was in the SE Y4 of the NE ¥4 (2ad), not 2dd

The 5/51 analysis is from [59], not [58], and no Y4-section is given

Well D data in Table 5 show a decrease of 1900 umhos over time, but the well is located
between contours showing increases in EC of 1000 to 2000 pmbhos.
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Four wells are shown on the USGS Pima quadrangle map as being in 2dd. If the plotted
location of the well on the Muller map is correct (2dd), and Hem’s well location designation
(2ad) is also correct, two different wells were sampled. ADWR’s GWSI database lists 19
wells in section 2, 13 of which are under the name Hancock.

WELL ‘E’ “D(6-25)18ca”

Well E is incorrectly plotted in 18bd.

One of the large-magnitude bullseyes of conductivity change in the Muller report maps (Figure
12) is two miles north of Pima, centered just north well E. Using the data given in their Table
5, the change in EC should be +5800 pmbhos, but the well is located on the +3000 pumho
contour.

The EC for the first entry is given as 1.2, but in [38], Hem reports 2.2,

All three of the values in the table for chloride from [38] are actually the HCOs analyses for
the well. The Cl measurements of Hem (1950, p. 128, analyses #1232-1234) are: 455, 260,
and 395 ppm. These measurements illustrate the highly variable nature of the chemistry of a
single well over short time periods.

The analysis attributed to [58] is from [59].

Reference[59] does not give a Ya-section for the well. ADWR’s GWSI database lists at least 6
wells in section 18 under the name Dodge-Nevada Canal Company.

The depth of the well measured in [38] is 66 feet. The depth of the well in [59] is 50 feet.
Therefore, two different wells were sampled, and any declarations about changes in EC over
time are meaningless.

WELL ‘F’ D(6-25)28dd

Wells F and G are plotted (or labeled) reversed on Muller’s well location map.

Reference [38] shows two wells in 28dd under the name Smithville Canal Co (Hem, 1950,
page 138, analyses 1554-56, and 1559). The depth is given only for the first listed (82 feet),
but not for the well used in the table. The well listed in [39] has a depth of 60 fect (p.73).
The reference for the second analysis of well F is from [59], not [58]. The reference does not
give the quarter-section for this well.

ADWR’s GWSI database lists two wells in section 28 under the name Smithville Canal Co.,
and [38] lists two under the same name in 28dd. It is possible that the reason for the apparent
increase in salmity is that two different wells were sampled.

WELL ‘G’ “D(6-25)28dc”

Well G and F are plotted (or labeled) reversed on Muller’s map 14.

The date of sampling in [38] is 5/43, not 5/41.

Two analyses are reported in [38] (p. 138) but only one is used. The second analysis is on
3/31/44; EC is given as 2.8 and Cl is 525 (analysis #1558). The reason for not using all of
the available data for the trend analyses is not given in their report.

Reference [59] (p. 73) gives an EC value of 5.5, not 5.4.

Table 5 lists the owner as E. Hoopes. References [58] and [59] both list the same analysis for
a well in section 28 under the name G. Hoopes, and [38] lists the owner as R. Hoopes.

The G. Hoopes well in [58] is in the SW quarter, 28¢, not 28d. Reference [59] does not give
the quarter section. ADWR’s GWSI database lists a well under the name R. Hoops in 28¢d.
The sampling date for the well in [58] and [59] is given as 5/61, not the 9/58 shown in Table 5.
There is no sampling date of 9/58 for any Hoopes well in [58] or [59].
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e Reference [80], which is an appendix of the Muller report itself, does not list this well in its
tabulation of water quality measurements taken in 7/72. The source of this data could not be
found.

WELL ‘H' D(7-26)22c¢bh

e The Cl value attributed to [38] is incorrect. The correct value is 340 ppm, not 918.

e The Cl value attributed to [59] is incorrect. The correct value is 918 ppm, not 400.

¢ Reference [80], which is an appendix of the Muller report itself, does not list this well in its
tabulation of water quality measurements taken in 7/72.

e As presented in Muller’s table, the data show the EC doubling at the same time the Cl level is
decreasing by more than half, a situation that is highly unlikely.

e The well listed in [38] has a depth of 100 feet; the well in [59] is 85 feet deep. The most likely
explanation for the supposed change in water quality in this well is that two different wells
were sampled.

WELL ‘I’ D(7-27)17db

e  Well I is incorrectly plotted in 17ad on the well location map.

o  The third analysis has a sample date of July, 1966, but is attributed to reference [9], which was
written in 1946, That book is a narrative of the early history of the Gila River region and
contains no water quality analyses. The actual source of the data is [17].

e Reference [80], which is an appendix of the Muller report itself, does list a well with location
17dba in its tabulation of water quality measurements taken in 7/72, but the data do not match
that presented in the table.

e Ref. [59] does not give the quarter-section for this well. Dutt and McCreary 1970) does not
list owners for any wells and gives the location only as 17d. ADWR’s GWSI database lists 11
wells in section 17. Only one entry gives an owner, and that is in 17cda, owned by S.
Claridge.

e The well in [59] has a depth of 85 feet, whereas the well in Dutt and McCreary has a depth of
120 feet. (Ref. [38] does not list a depth for this well). Therefore, the reason for the “change”
in water quality in well ‘I’ is that two different wells were sampled.

WELL J’ “D(7-27)03c¢b”

e The source of the data attributed to [38] is unknown. No well with the listed owner and with
the data in Table 5, in the township and range indicated could be found in [38]. Thus, this data
cannot be evaluated.

e The source of the data attributed to [58] is unknown. No well with the listed owner and the
data shown in the table, in the township and range indicated could be found in [38], [58], [59]
or [17]. Thus, this data cannot be evaluated.

e As with well B, the EC (1.6 mmbhos) is reported to be from [58], but that reference does not list
any EC values, only TDS. The value for EC, therefore, had to be calculated from a TDS
measurement. One of the criteria for choosing the ten wells for the long-term trend analysis
was that they were all supposed to have EC measurements. Using the strict criteria imposed
by Muller’s students, this well, as with well B, technically should not have been included in the
study.

e No wells are listed in the ADWR GWSI database in quarter cb of section 3.

e Reference [80], which is an appendix of the Muller report itself, does not list this well in its
tabulation of water quality measurements taken in 7/72.
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Long-Term Sample Well Chemical Comparison

Electrical

Sampling Data Conductivity Chloride
Designation Location Owner Date Source (ECx103) (ppm)
A 52313 ad F. Moody 4/44 (38) 2.5 475
6/54 (59) 6.9 2258
7/72 (80) 7.6 2200
B 42327 dd H. Uhli 6/40 (38) 5.4 1388
2/54 (58) 7.6 2680
C 4 24 31 dd - E. Palmer 8/41 (38) 2.2 1520
3/60 (59) 8.0 2224
D 6 24 02 dd L. Hancock 7/41 (38) 9.4 1800
5/51 . (59) 7.3 1544
7/72 (80) 7.5 1580
E 6 25 18 ca Dodge-Nevada 6/40 (38) 1.2 328
Canal Co. 4/43 (38) 1.6 388
3/44 (38) 2.2 488
11/59 (58) 4.9 1230
7/72 (80) 7.0 1400
F 6 25 28 dd Smithville 3/44 (38) 2.6 480
Canal Co. 11/59 (58) 5.3 1359
7/72 (80) 5.8 1504
G 6 25 28 dc E. Hoopes 5/41 - (38) 2.6 485
9/58 (59) 5.4 1346
7/72 (80) 5.7 1515
H 7 26 22 cb A. Montereth 5/41 (38) 2.0 918
9/58 (59) 4.2 400
7/72 - (80) 2.2 350
I 72717 d  S. Claridge 7/40 (38) 1.4 2327
3/61 (59) 2.2 334
7/66 9 2.4 400
. 7/72 (80) 2.8 440
J 7 27 03 cb P. Allred 4/43 (38) 1.2 200
6/59 (58) 1.6 290
7/72 (80) 1.9 320

Table 12. Well data in Muller and others (1973) Table 5.
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Figure 12. Muller and others ( 1973) map of conductivity change, 1944-1972.
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2000 pmhos 1941 to 4200 umhos in 1958, the ClI level decreased by more than a factor of 2. That
is a situation that is virtually impossible in a natural system.

As described in Muller and others (1973), the electrical conductivity measurements in their
Safford project are only accurate to +10 percent. Therefore, it should be kept in mind that that
variability means that two measurements of, say, 7400 and 8000 ps/cm could represent the same
value when the error is taken into account. That is, 7400 and 8000 are within 10 percent of each
other, and could be the result from two measurements of the same sample. The concept of an error
range is extremely important, and routine, in geochemical analyses, but seems to be under-
appreciated in many water quality studies. If in the interpretation of water quality changes, two
measurements arc within 10 percent of each other, that means that there might not be any real
difference between the two measurements, and any resulting ‘trend” based on small differences may
disappear when error ranges are considered.

Another clue that the interpretation of the water quality trends are not correct is the fact
that none of the ten wells with long term trend data lie on the contour lines supposedly derived from
them. For example, according to data in Muller Table 5 and the trend lines in their Figure 12, well
C had an increase in EC of nearly 6000 pmhos, yet is shown with the 4000 umho line going
through it. Well E data supposedly indicate an increase of 5800 umhos, but the well is shown on
the 3000 umhos contour. Wells F and G are plotted on the 1000 pmhos contour, but the data for
the wells show supposed increases on the order of 3000 umbhos.

In summary, the data and results presented in Muller and others (1973) are so fraught with
errors that the report should be considered completely meaningless.
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Evaluation of Muller study
An evaluation of the data in the maps and Table 5 of Muller and others (1973) leads to the
following observations:

*  Most of the well locations and water-quality data are wrong, either because of typographical
errors or transposition,

e Many of the well locations are plagued with uncertainty because the various references do not
always give quarter sections and there is often more than one well in a given section having the
same owner.

e Two wells (B, C) did not meet the stated minimum requirement of a sampling record of at least
twenty years.

e Two of the wells (B, J) apparently had calculated values for conductivity although the stated
requirement for long term wells was that they had measured values available.

e Attention was not paid to the depth of the well when determining whether a well in one
reference was the same well as listed in other references. In at least five of the ten entries (A,
B, E, H, 1), it is certain that two or more different wells were sampled, rendering results based
on these wells meaningless. Alleged changes in three other wells (C, D, and F) were probably
due to two different wells being sampled, but owing to conflicting or insufficient data, this
cannot be determined with certainty. Changes in well G are probably from this scenario also,
but without more information, such as depth of the well, it cannot be proved. Thus, it is
possible that in nine of the ten entries, two or more different wells were sampled, making the
data in the Muller group’s Table 5 worthless.

¢ None of the data for well J could be found in any of the attributed references.

e None of the data attributed to reference [80] could be found, even though other data from the
1972 sampling is reported in an appendix of the Muller reports.

e Intwo of the wells, only two analyses were used to establish ‘trends’ in a system that has been
shown (even by the Muller group) to be highly variable over short period of time and over
short distances.

The maps in the Muller reports are equally troubling as the data their Table 5 (Table 12 of
this report). An area of more than 14 square miles of bottom land downstream from Pima is
completely enclosed in the 10,000 pmho contour on the 1969 iso-conductivity map. On the
corresponding 1972 iso-conductivity map, that same area straddles the 5000 umho contour. That
is a 5000 pumho decrease in four years, which is not only inconceivable, but is contrary to the
supposed increases shown on the 1944-1972 conductivity change map (Figure 12 of this report)
and discussed in the Muller reports.

Unfortunately, errors in the Muller reports are not limited to their water-quality data.
Trend lines for electrical conductivity and chloride change are presented as Figures 12 and 13 of
Muller and others (1973) and as Figures 4 and 5, without labels, in Muller (1973). Because the
trend lines are based on the incorrect analytical data in their table, those trend lines are also
incorrect, and therefore are completely meaningless. Unfortunately, the entire economic analysis
and predictions of future salinity problems presented in the reports are based on the numbers
generated from statistical analysis of the trend lines. Thus, the economic analysis and forecasts of
salinity levels at future dates are invalid.

In several cases in their Table 5, there were clues that some of the numbers just had to be
wrong because they simply did not make sense. For example, in well H, a clue that the chloride
values are not right is that at the same time the EC is supposed to have more than doubled from
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