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PRELIMINARY GEO-HYDROLOGICAL ANALYSIS
For
THE CITY OF DOUGLAS, ARIZONA

Sept. - Oct. 1978

by

Heinrichs GEOEXploration Company
P.0. Box 5964 Tucson, AZ 85703
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Pretliminary Geo-hydrological Analysis

Introduction

Pursuant to correspondence initiated by Mr. George D. Nalley, Superin-
tendent of the Douglas Water and Sewer Department on 17 July 1978, GEOEX, on
18 September 1978, was engaged to conduct a brief preliminary hydrological
survey for the City. Objective of the survey was to assist in the siting of
a proposed new water well under consideration for the purpose of augmenting,
in the most efficient manner feasible, the present nine-well-system. Data
and technical records requested by GEOEX on 19 September, 1978, were received
on 22 September 1978. These, together with material already on hand and other
pertinent locally acquired information, were studied with results as summar-

ized in this preliminary report.

Conclusions and Recommendations:

1. United States Geological Survey (U.S.G.S.) Trip Report of 18 February

1977, copy of which was supplied by the City, tentatively recommended an area
(1), proposed to be located near the middle of Section 12, T.24S., R.27E.

This is concurred to be a satisfactory primary new well site.

2. Alternatively, anywhere roughly near or within a pie-shaped wedge area
bordered approximately on the south by 22nd Street and Merrit Avenue in Pirtle-
ville, and on the east by A Avenue and Leslie Canyon Road, is considered
equally satisfactory except for perhaps distribution and rights of way consid-
erations which are not necessarily part of this immediate study.

3. U.S.G.S. proposed areas numbers (3) and (4), are not recommended from the

most preferable geologic point of view as suggested by present data on hand.
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Based on the city records provided, and although there is some exception and
variation indicated, there seems to be a definite general quantity decrease

of well yields in an easterly direction away from White Water Draw. Therefore,
on that basis alone, it appears generally desirable at this point to keep
closer to White Water Draw. Possible exceptions to this generalization include
a question of why well 6 is a relatively better producer and why well 4 is
relatively poorer. Conceivably, the basalt and the pre-basalt topo-
graphy and related shallow formations, may be at least partially responsible.
If it becomes necessary and important to further pursue these particular types
of discrepancies, surface geophysical work, such as electrical resistivity,

may warrant testing and could be helpful if tests' results proved favorable.
4. If rights of way and distribution factors outweigh maximum added quantity
considerations, then U.S.G.S. area (2) should also be satisfactory and, 1in
some respects may almost equal their area (1). Indicated possible exceptions

to this are the proposed site's proximity to poorer well site 4 and its indic-
ated more adverse subsurface conditions, possible interference with well Ty

and probable interference with Nu Way Laundry's well if it is still producing
and, if so, if that should be a necessary factor to consider.

5. Existence of "several other test wells" is mentioned in the U.S.G.S. Trip
Report of February 1977. Although these are reportedly negative in terms of
quantity results, the data still should be integrated with the results of this
study because such information could change the conclusions and recommendations
herein considerably.

6. Long range implications of an anticipated continued increasing rate of

ground water level decline and consumptive uses should be kept in mind, both as
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to quantity and quality. Ideally,a replenishable surface water system,
combined with conservation measures and balanced ground water recharge and
withdrawal arrangements should be the ultimate objective of all responsible
municipalities. Although beyond the scope of this particular study, prob-
lems and possibilities along such lines should be investigated and imple-

mented as rapidly as ways and means will allow.

Observations and Speculation:

1. At present the Towest static water table measurement is at an elevation
of about 3790 feet near White Water Draw at well #1. This is at about 130
feet below surface. Three and one quarter miles eastward, at Well 8, present
static water elevation measures just above the 3800 foot elevation. This rep-
resents a rise in static water table elevation of roughly 3 feet per mile from
White Water Draw toward the east as far as Well site #8.

2. Top of basalt at Well 4 is 40 feet deeper than at well 5, with a total
thickness of 55 feet at well 4 and 58 feet at well 5. This is indicative of a
possible small northerly dipping component to the basalt layer and perhaps a
somewhat southeasterly source, conceivably, even fairly close by. However, as
indicated in U.S.G.S. Trip Report of 18 February 1977, specific significance
of the basalt relative to local ground water supplies, if any,is relatively
undetermined.

3. Basalt thickness varies from 50 feet at Well 7 to 117 feet at Well 3. It
outcrops about 2000' south of Well 8 and roughly 2000 feet southeast of wells
3 and 9. Average locally measured down-slope components on the top of the
basalt, are roughly 200 feet per mile in a westerly direction and about 50 feet

per mile in a northerly direction. However, in the vicinity of wells 3, 8 and
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9, the slopes on top and bottom of the basalt seem to vary, at least locally,

and the basalt roughly doubles in average thickness from about 54 feet in the

wells toward the west to over 100 feet in these three wells, and 86 feet at

Well 6 about one mile away toward the northwest.

Latest (most recent) (1977-1978 Pump Testing Results:

(Relative) Feet(Inches) Gals.Per Min.Yield Relative
Year Well # Rank Total Draw Down GPM  Per Foot Draw Down to original
1978 1 1 (4'5") 4.42 1000 226.24 o
1978 2 2 (12'9" 12.75 1000 78.43 -
(1977) 3 7 (30') 30.00 735 24.50 -
1978 4 9 (70'4") 70.33 800 11.37 -
1978 5 4 (20'10") 20.83 1100 52.80 -
1978 6 3 (20'1") 20.08 1175 58.52 +
1978 7 5 (27') 27.00 1250 46.30 +
1978 8 8 (58') 58.00 800 13.79 -
1978 9 6 (26') 26.00 1170 45.00 +

)

First, (Original) or Oldest Pump Testing Records on Hand:

1968 1 1 (6'4") 6.33 1100 173.78
1968 2 2 (13'8") 13.67 1230 89.98
1974 3 5 (18') 18.00 520 28.89
1968 4 7 (47'2") 47.17 900 19.08
1968 5 3 (13'3") 13.25 950 71.70
1968 6 4 (27') 27.00 1350 50.00
1971 7 6 (73') 73.00 1718 23.53
1974 8 8  (68') 68.00 1250 18.38
1976 9 9 (90) 90.00 1500 16.67

-4 -
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Very Tikely, the city has its own well ratings and these should be com-
pared with the preceding two tables.

Relative to the pump tests data from wells #1 and #2 and wells #3 and #9,
these respective well pairs Tocations are about (?) 500 apart according to
the maps. Data suggests in 1977 and 1978, that #3 pump may have been pumping
when #9 well was tested. Obviously, because of close proximity the draw-down
cones of depression may overlap each other when these wells are simultaneously
in production. Approximate similarities are indicated at wells #1 & #2. Is
this a possible explanation or are there other aspects involved?

Is the Nu Way Laundry well still being pumped and if so at what rate and
from what depth?

Static Water Level Statistics

Well Numbers 1974-1978 Average 1974-1978 (1977-1978)
Year Average
1&2 -7.0 feet -1.75 ft./yr. -6.125 ft/Avg.
3, 446 -17.5 " -4.38 ! -6.0 "
5 +17.3 *{7) +4.33 "(?) -3.8 "
7 -11.0 " -2.75 ! -8.0 .
8 - 8.0 " -2.00 " -6.0 =
9 (1976-1978) -31.0 " -7.75 " +1.0 5

Question regarding the 17.3 foot rise in static water level at well 5 over
the 1974-1978 period should be raised and explained if possible.

Present average annual rate of lowering of the water table appears to be
something around 1.5 to a little over two feet per year in the area immediately

around Douglas. This is compared to estimates of something from three feet to
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over 3.5 feet per year in the irrigated farming areas of McNeal and Elfrida to
the north.

Well records over the years are often not perfectly consistent and there-
fore there may tend to be some questions regarding trying to make completely
absolute determinations from them. These apparent inconsistencies are probably
partly caused by periodic variations in rainfall and runoff in relation to the
particular times the records were taken. Mechanical and chemical changes in
the wells, pumps and casing for a variety of reasons can have effect. Also, an
occasional measurement, technique or recording error will occur. Otherwise,
the records provided by the city suffice quite nicely for the important

fundamental and relative considerations made in this report.

Respectfully submitted,

WEH:mt

Discussion Sketches:
1. Schematic Plan, 1" = 2000' scale.
2. Projected Schematic Section (-N75° E., from near Wells 1 & 2 to
near Well 8.)
GEOEX #1295
2 October 1978
Box 5964
Tucson, AZ 85703
(602) 623-0578
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NOTE

These corrected pages are to replace page 4 in the two report copies
you already have.
Also, please cross out completely the reference to Well 5 on page 2 of

the report on lines 6 and 7 so that it reads: - - - ﬂandehy well 4 is relatively

poorer."

£
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October 10, 1978

The City of Douglas

Water and Sewer Department
P.0. Drawer 1198

Douglas, AZ 85607

Attention: Mr. George D. Nalley, Superintendent
Re: Water Sgstem Supply Study
GEOEX #1295
Transmittal Letter

After assimilating these data, I will look fonuard to meeting again with you
and the Board whenever mutually convenient. -

Summary Letter Report, 10 October 1978 . . . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ « « & 1
SURPRIME RO L v i E e e e e ARt 4 s g e R
General Conclusions & Recommendations . . . . . . . R A PR e
curvent Program Constderations . o o &\ ¢ v o simlimin & le s o sty 3

PEIORIEYINE & o ov o ol pd R anad e ke e TR R SO S T 3&4

PRIGPIRY M. . o o i e e e e ey b RIS S R 4
R ING e, | g o e ie e e e & g oy T e PR
BORDIRSYCS L Gl s e e e e gl il ket R S el e N s SRS 6

Preliminary Geo-hydrological Analysis, 2 October 1978 Report,

SRETOURNBEEON 10 0 o 0o o 4 SR ARG e e e T G SRR 1
Conclusions & Recommendations . . . . . . . . . « . . « . VR SES G R
Sbservation and Speculation . . v « Wi ¢ eai e e AT R g 3
Well Ranking based on pump tests. . . . . . . . . . . P S e L
Static Water Level Statistics . . . . . . . SERGE N | R € st

Two-Discussion Schematics, plan and profile - attached.



October 10, 1978

The City of Douglas

Water and Sewer Department
P.0. Drawer 1198

Douglas, AZ 85607

Attention: Mr. George D. Nalley
Superintendent

Re: Water System Supply Study
Geoex #1295 ‘

Summary Letter Report

Introduction

This letter confirms the conference held in your office on Tuesday 3 Octo-
ber 1978, attended by yourself, members of your department, Joseph Cornejo and
Bi11 Mercer and myself.

Receipt of the data, which accompanied your letter of 20 September 1978,
and additional material received from your office on 2 October 1978, are acknow-

ledged. The latter includes the drillers logs on holes 9A, 9B, and 9C.

General Conclusions and Recommendations

Based on all of the above information, on relevant matter procured from
the U.S.G.S. in Tucson, and material from GEOEX files, a report titled Prelim-
inary Geo-hydrological Analysis was prepared. This is the report which was re-
ferred to during our conference at your office. Two carbon copies of this re-
port were left with you for further reference and three corrected machine copies
are being resubmitted herewith.

Conclusions arrived at from this initial study are:

1. Generally, wells nearest White Water Draw are best for quantity and
perhaps worst for quality, except that quality may also improve to some extend

in an up-stream direction, and



2. that some wells producing from above the basalt are better producers
than some wells producing from below the basalt, but that probably more direct-
ly important, are certain as yet undefined paleo-stringers or channels and
permeability factors associated with depositional age and formational character
and history in general, rather than the basalt in particular.

Important expeptions to any generalizing are indicated by the relative
quantity favorability of wells 5 and 6 and unfavorability of well 4. Careful
comparison of the drill logs does not provide any definite explanations. There
is some temptation to speculate that factors associated with the exposed or
surface trend of the basalt may be responsible, but then, what about relatively
fair producing wells 9 and 3 which are closest of any wells to the exposed
basalt? Also, capacity deterioriation of Well 4 from 1968 to 1978 suggests
that it may need recompletion, clean out and rehabilitation if this has not
been done before. Are plugged perforations or screens possible?

Obviously, better quantitative data is necessary before we can begin to
answer these tougher questions. One important means to initiate achieving this,
in future drilling operations, is to insist on more thoroughly detailed and
quantitative drill logs, preferably logged by a competent geologist as drilled
. and not after drilling or just by the drillers as drilled. In addition, in
order to minimize time variation questions and the element of human interpret-
ation from one individual logger to another, calibrated standard "electric" or
instrumental well logging is to be highly recommended. This would definitely
help to begin sorting out the quandry suggested in the previous paragraph and
mentioned later in discussing the sulfide water situation encountered at site
9A.

As a general rule, regardless of how good a well is logged, truly full



evq]uation of larger capacity wells, can only be made by adequate pump test-

ing - usually for about a twenty-four hour period. Then, if the well is propert
1y perforated, cased, sealed, and packed, maximum 1ife and output efficiency
will be achieved. Moreover, all of the quantitative data acquired, including
logging, will materially assist and benefit picking the best future well sites |
and providing for the best future overall program of system planning and devel-
opment.

For the time being, the initial recommendation to move any immediate or
near future new drill site considerations toward a northwesterly direction away
from the presently developed area, still stands. This approach should get fur-
ther away from the basalt and perhaps more into younger and more permeable for-
mations. Holes which avoid the basalt entirely should be cheaper to drill and
as long as any particular site doesn't get too close to White Water Draw, present
indications are that the quality should be satisfactory and the overall quantity

potential generally improved.

Current Program Considerations

After discussingtthe first report and other pros and cons to be considefed
with Mr. Nalley and staff, a tentative program for early consideration and
implementation was mutually outlined as follows.

Well 8 is presently the well located farthest easterly from the valley
center and originally, when first pump tested in 1974, was the second worst
producer in terms of gallons per minute yield per foot draw down, i.e.: 18.38
versus 16.67 for well 9 which was originally tested in 1976. Since 1974, well
8 deteriorated to 13.79 gallons per minute yield per foot draw down in 1978.
This is still the second worst production factor of the nine wells tested in
1978, and is only slightly better than well 4 ghich in 1978 tested at 11.37

gallons per minute per foot draw down. Well 8 apparently has a congenital

L



history of electrical-mechanical difficulties and problems. Because of this
and the relatively rapid means and lower cost of pulling, inspecting and,

depending on results of that, considering the application of appropriate im-
provement and/or re-development measures and pump testing, such activity is

tentatively set as immediate priority one.

The rationale of this approach is to maximize utilization of present
facilities at least cost, and to better help confirm to everyone's satis-

faction whether or not hole 9B is warranted as priority number two. This

assumes, of course, that hole 9B is straight and can be satisfactorily com-
pleted, perforated and cased if it is not already.

If well 9B is satisfactorily developed, a minimum of new pipe line would
be required to establish it into the system. Location of well 9B, although
fairly close to wells 3, 8 and 9, is still probably far enough separated to
not 1ikely cause any immediate mutual interference and perhaps none for some
time to come. If this procedure proves at all successful, then additional
assured new capacity will be provided with a minimum of required capital in-
vestment.

It is regrettable that Well 9A was abandoned before being thoroughly pump
tested. The well log definitely indicates that perched water was encountered
at 140-144 feet and that the true or "permanent" water table was encountered
at 275 feet - right where it should be. Most 1ikely the reported "sulfide"
taste and odor was from the perched water. Although such water also could have
come from one or more of the deeper qquiféess in the hole, no similar problems
have been encountered in any of the producing wells to date. In any case, bad-
water aquifers can usually be positively identified and located by {dbstrumental

logging of the hole and cemented off. Probably in this case they should have



been cemented off regardless so as to avoid possible contamination of the
other primary aquifers. Possibility of redri]iing this hole should be con-
sidered and posed to the drilling fraternity for comment. The site is ideally
located for easy tyeing into the present system and it is not near any other
wells. There is no evident reason at this point why this site should not
provide at least a fair producer.

Hole 9C probably lacked about 40 to 50 feet or so of penetrating the
basalt and was abandoned crooked at 260 feet after much reported effort to
straighten. Because of that and the close proximity to wells 3 and 9, no
further consideration of this site is recommended.

In the preliminary report, a mistake was made on the dras down footages
used as shown in the tables on page 4. These have been corrected together
with the relevant changes in conclusions in the report copies accompanying
this report. The most significant change caused by this correction is an up-
grading of wells 5 and 6 from the previous rating. The importance of this is
that it tends to enhance indicated possibilities for favorable site devélop-
ment in the S.E. 1/4 of Section 7; the east half of Section 18 and all of
Section 17.

Drilling

There was some discussion of the relative merits of rotary versus cable-
tool drilling. Technically, rotary should be preferable, but practically,
cable-tool results can be as good or even better if the rotary facilities pro-
vided are inadequate for properly handling the minimum requirements - such as
a straight hole,penetration of hard basalt formation, etc. Theoretically a
good rotary drill and driller can perform a fair pump test by using compressed

air, while cable-tool bailing tests are generally inadequate for testing

A



larger capacity wells, Whatever choice is made, the detailed specifications
called for by the City and those offered by the drillers should be very care-
fully examined and weighed and included in any ultimate contract. Pump testing,
well preparation, perforating, gravel packing, cementing, casing and pump in-

stallation etc., procurement should follow similar procedures.

Geophysics

Surface surveys of electrical resistivity and induced polarization geo-
physics have been mentioned. It is possible for such surveys to be able to
differentiate areas of tighter and or more baackish subsurface zones from more
porous, permeable and fresher water zones. This is best done usually by corre-
lating definitive test survey results from over good producing well areas with
definitive test survey results from poor producing well areas and then making
appropriate comparison surveys over new or unknown areas of interest.

This technique does not always work everywhere and unfortunately absolute
determination of that can only be established by trial and error, Although
the Doug1a§ area appears generally amenable for this type of work, brackish
perched water such as possibly encountered at well site 9A can be misleading.
Also, culture features such as pipe lines, fences, power lines, etc., can
practically prohibit cost-effective geophysical surveys.

Unless the problems become much more acute than presently indicated, geo-

physical work is not considered worthwhile for the moment.

GEOEX #1295, 10 October, 1978
Box 5964, Tucson,AZ 85703
(602) 623-0578
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October 10, 1978

The City of Douglas

Water and Sewer Department
P.0. Drawer 1198

Douglas, AZ 85607

Attention: Mr. George D. Nalley, Superintendent
Re: Water System Supply Study
GEOEX #1295
Transmittal Letter

After assimilating these data, I will look forward to meetlng again with you
and the Board whenever mutually convenient. T,
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October 10, 1978

The City of Douglas

Water and Sewer Department
P.0. Drawer 1198

Douglas, AZ 85607

Attention: Mr. George D. Nalley
Superintendent
Re: Water System Supply Study
Geoex #1295

Summary Letter Report

Introduction

This letter confirms the conference held in your office on Tuesday 3 Octo-
ber 1978, attended by yourself, members of your department, Joseph Cornejo and
Bill Mercer and myself.

Receipt of the data, which accompanied your letter of 20 September 1978,
and additional material received from your office on 2 October 1978, are acknow-

ledged. The latter includes the drillers Togs on holes 9A, 9B, and 9C.

General Conclusions and Recommendations

Based on all of the above information, on relevant matter procured from
the U.S.G.S. in Tucson, and material from GEOEX files, a report titled Prelim-
inary Geo-hydrological Analysis was prepared. This is the report which was re-
ferred to during our conference at your office. Two carbon copies of this re-
port were left with you for further reference and three corrected machine copies
are being resubmitted herewith.

Conclusions arrived at from this initial study are:

1. Generally, wells nearest White Water Draw are best for quantity and
perhaps worst for quality, except that quality may also improve to some extent

in an up-stream direction, and
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2. that some wells producing from above the basalt are better producers
than some wells producing from below the basalt, but that probably more direct-
ly important, are certain as yet undefined paleo-stringers or channels and
permeability factors associated with depositional age and formational character
and history in general, rather than the basalt in particular.

Important exceptions to any generalizing are indicated by the relative
quantity favorability of wells 5 and 6 and unfavorability of well 4. Careful
comparison of the drill logs does not provide any definite explanations. There
is some temptation to speculate that factors associated with the exposed or
surface trend of the basalt may be responsible, but then, what about relatively
fair producing wells 9 and 3 which are closest of any wells to the exposed
basalt? Also, capacity deterioriation of Well 4 from 1968 to 1978 suggests
that it may need recompletion, clean out and rehabilitation if this has not
been done before. Are plugged perforations or screens possible?

Obviously, better quantitative data is necessary before we can begin to
answer these tougher questions. One important means to initiate achieving this,
in future drilling operations, is to insist on more thoroughly detailed and
quantitative drill logs, preferably logged by a competent geologist as drilled
and not after drilling or just by the drillers as drilled. In addition, in
order to minimize time variation questions and the element of human interpret-
ation from one individual Togger to another, calibrated standard "electric" or
instrumental well logging is to be highly recommended. This would definitely
help to begin sorting out the quandry suggested in the previous paragraph and
mentioned Tater in discussing the sulfide water situation encountered at site
9A.

As a general rule, regardless of how good a well is logged, truly full
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evaluation of larger capacity wells, can only be made by adequate pump test-

ing - usually for about a twenty-four hour period. Then, if the well is proper-
ly perforated, cased, sealed, and packed, maximum life and output efficiency
will be achieved. Moreover, all of the quantitative data acquired, including
logging, will materially assist and benefit picking the best future well sites
and providing for the best future overall program of system planning and devel-
opment.

For the time being, the initial recommendation to move any immediate or
near future new drill site considerations toward a northwesterly direction away
from the presently developed area, still stands. This approach should get fur-
ther away from the basalt and perhaps more into younger and more permeable for-
mations. Holes which avoid the basalt entirely should be cheaper to drill and
as long as any particular site doesn't get too close to White Water Draw, present
indications are that the quality should be satisfactory and the overall quantity

potential generally improved.

Current Program Considerations

After discussing the first report and other pros and cons to be considered
with Mr. Nalley and staff, a tentative program for early consideration and
implementation was mutually outlined as follows.

Well 8 is presently the well Tocated farthest easterly from the valley
center and originally, when first pump tested in 1974, was the second worst
producer in terms of gallons per minute yield per foot draw down, i.e.: 18.38
versus 16.67 for well 9 which was originally tested in 1976. Since 1974, well
8 deteriorated to 13.79 gallons per minute yield per foot draw down in 1978.
This is still the second worst production factor of the nine wells tested in
1978, and is only slightly better than well 4 which in 1978 tested at 11.37
gallons per minute per foot draw down. Well 8 apparently has a congenital

HEINRICHS GEOEXPLORATION COMPANY
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history of electrical-mechanical difficulties and problems. Because of this
and the relatively rapid means and lower cost of pulling, inspecting and,
depending on results of that, considering the application of appropriate im-

provement and/or re-development measures and pump testing, such activity is

tentatively set as immediate priority one.

The rationale of this approach is to maximize utilization of present
facilities at least cost, and to better help confirm to everyone's satis-

faction whether or not hole 9B is warranted as priority number two. This

assumes, of course, that hole 9B is straight and can be satisfactorily com-
pleted, perforated and cased if it is not already.

If well 9B is satisfactorily developed, a minimum of new pipe Tine would
be required to establish it into the system. Location of well 9B, although
fairly close to wells 3, 8 and 9, is still probably far enough separated to
not likely cause any immediate mutual interference and perhaps none for some
time to come. If this procedure proves at all successful, then additional
assured new capacity will be provided with a minimum of required capital in-
vestment.

It is regrettable that Well 9A was abandoned before being thoroughly pump
tested. The well log definitely indicates that perched water was encountered
at 140-144 feet and that the true or "permanent" water table was encountered
at 275 feet - right where it should be. Most likely the reported "sulfide"
taste and odor was from the perched water. Although such water also could have
come from one or more of the deeper aquifers 1in the hole, no similar problems
have been encountered in any of the producing wells to date. In any case, bad-

water aquifers can usually be positively identified and located by instrumental

logging of the hole and cemented off. Probably in this case they should have
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been cemented off regardless so as to avoid possible contamination of the
other primary aquifers. Possibility of redrilling this hole should be con-
sidered and posed to the drilling fraternity for comment. The site is ideally
located for easy tieing into the present system and it is not near any other
wells. There is no evident reason at this point why this site should not
provide at least a fair producer.

Hole 9C probably lacked about 40 to 50 feet or so of penetrating the
basalt and was abandoned crooked at 260 feet after much reported effort to
straighten. Because of that and the close proximity to wells 3 and 9, no
further consideration of this site is recommended.

In the preliminary report, a mistake was made on the draw down footages
used as shown in the tables on page 4. These have been corrected together
with the relevant changes in conclusions in the report copies accompanying
this report. The most significant change caused by this correction is an up-
grading of wells 5 and 6 from the previous rating. The importance of this is
that it tends to enhance indicated possibilities for favorable site develop-
ment in the S.E. 1/4 of Section 7; the east half of Section 18 and all of

Section 17.

Drilling

There was some discussion of the relative merits of rotary versus cable-
tool drilling. Technically, rotary should be preferable, but practically,
cable-tool results can be as good or even better if the rotary facilities pro-
vided are inadequate for properly handling the minimum requirements - such as
a straight hole,penetration of hard basalt formation, etc. Theoretically a
good rotary drill and driller can perform a fair pump test by using compressed

air, while cable-tool bailing tests are generally inadequate for testing

- B
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larger capacity wells. Whatever choice is made, the detailed specifications
called for by the City and those offered by the drillers should be very care-
fully examined and weighed and included in any ultimate contract. Pump testing,
well preparation, perforating, gravel packing, cementing, casing and pump in-

stallation etc., procurement should follow similar procedures.

Geophysics

Surface surveys of electrical resistivity and induced polarization geo-
physics have been mentioned. It is possible for such surveys to be able to
differentiate areas of tighter and or more brackish subsurface zones from more
porous, permeable and fresher water zones. This is best done usually by corre-
lating definitive test survey results from over good producing well areas with
definitive test survey results from poor producing well areas and then making
appropriate comparison surveys over new or unknown areas of interest.

This technique does not always work everywhere and unfortunately absolute
determination of that can only be established by trial and error. Although
the Douglas area appears generally amenable for this type of work, brackish
perched water such as possibly encountered at well site 9A can be misleading.
Also, culture features such as pipe lines, fences, power lines, etc., can
practically prohibit cost-effective geophysical surveys.

Unless the problems become much more acute than presently indicated, geo-
physical work is not considered worthwhile for the moment.

ectfully sugmltged,\

'__s GEOE plo

GEOEX #1295, 10 October, 1978
Box 5964, Tucson,AZ 85703
(602) 623-0578

WEH :mt
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November 21, 1978

The City of Douglas

Water and Sewer Department
P.0. Drawer 1198

Douglas, AZ 85607

Attention: Mr. George D. Nalley, Superintendent

Re: Water System Supply
Study "Phase II"
GEOEX #1295

Dear George:
We have your letter of 14 November 1978.

I understand your decision about not drilling a test hole. Under pres-
ent circumstances, the cost aspects alone are a little difficult to argue
against - especially when such costs stand a good chance of not directly re-
ducing the cost of a subsequent production well.

Right now the only factors to go on in choosing one part of Hew Well Site
Two Area over another part are as follows:

1. The farther east you go, the deeper the water table (presently approx-
imately 3800' elevation) will be below the surface (roughly 50 to 60 feet per
mile) in the area of interest - thus requiring more well, 1ift, and casing,
etc.

2. The farther east and south you go the better the chances are for
thicker basalt. Indications so far suggest a rough increasing thickness factor
of about 35 feet per mile, but this could change very suddenly and most prob-
ably it would be thicker rather than thinner and probably the farther away from
the nearest tie point you get, the better is the chance for a sudden change to
occur,

3. Since the local formations appear conformably bedded and dipping or
slightly tilted westward then, as you go eastward and deeper to the water table
you will be gradually intersecting increasingly older formations. As a general-
ization, and without specific and contrary information or data to go on, this
is apt to mean proportionately decreasing permeability of the aquifer, i.e.: de-



City of Douglas
Mr. George Nalley
November 21, 1978
Page Two

creasing yield.

4. Much of the SE 1/4 of Sec. 8 and most of Sec. 16, the airport
section, T. 24 S,, R.28E., has basalt at or very near the surface. This may
make for more costly and difficult collaring and drilling of a straight hole -
especially if the churn drilling method is used.

5. Existing system considerations as to location of reservoirs, size of
pipe 1ine already in and of other producing well sites. At this point, and as
a general consideration for now, it is not recommended that producing wells be
located closer to each other than roughly 1/2 mile apart - unless of course
there is some other major overriding consideration involved.

6. Detailed demographic factors as to where added supply is apt to be
needed most and soonest.

In lieu of complete and detailed consideration of items 5 and 6 above,
my personal choices right now are tentatively the corner of 5th and Washington
(NW corner of Sec. 17), or 15th and Airport (NE corner of Sec. 17).

Indications from your existing wells suggest a specific cppacity of rough-
ly 50 gallons per minute per foot of draw down should be achievable at these
three sites if properly drilled and prepared. Regarding the latter, the en-
closed article from the March-April 1978 issue of The Johnson Drillers Journal
by George H. Lesch may be of interest. The only local small company that seems
to have successfully specialized in this technique ad® Ventures Drilling Com-
pany of Tucson - (see their pamphlet enclosed). 1S

Local estimates on churn holes are $22.00/foot 12 inches diameter, $32.00
per foot 16 inches diameter and $40-44 per foot for 20 inches diameter for holes
500 to 600 feet deep with about 100 feet of basalt. One rotary-air estimate for
the same specification of hole was $40 to $45 per foot for a 15" to 16" diameter
hole and with the added statement that 12 3/4" (casing in 16" hole) will nicely
handle a 10" bowl pump - rated at 500 to 900 gpm capacity.

If you will give me your pro and con thoughts on these various trade off
details as you see them, I would 1ike to assist in working up a proposed well
drilling and testing contract and specifications which presumably would ulti-
mately be let out for bid. I gather from previous discussions that there is
considerable doubt if much sealing off of the aquifers has occurred in your
drilling operations to date. If we could be absolutely categorical about this,
then I would feel better about eventually trying to do some quantitative sub-
surface differential geology and geophysics. Otherwise, right now, I would pre-
fer seeing an equivalent investment put into improved drilling and well develop-
ment techniques at this stage. Somehow, I cannot help but feel that with all
of the reported clay in the drillers logs that the newer and deeper wells be-
sides being in older and tighter formation, did lose some potential yield during
the actual drilling process and whether or not they were drilled rotary or
churn,



City of Douglas
Mr. George Nalley
November 21, 1978
Page 3 T {ree

We finally received a frosted mylar transparent original of the map of
Douglas today from the State Department of Transportation. What a struggle
it was!

Your and Mrs. Scott's help in straightening out my latent confusion on
which part of which holes were drilled churn versus rotary and where the
various troubles occurred and what remedies were attempted, etc., will be
appreciated. Also, the same for your current drilling cost estimates to com-
pare with those I have acquired here.

I will Took forward to any comments you may have or which may be made by
any of the board memebers.

Sincerely,

Heinrichs GEOEXploration Co.

Walter £, Heinrichs, Jr.
Geol. Engr., P.E. & 6.P.G.S.

WEH:mt

P.S. To other well site choices in addition to the two others already mentioned
in Paragraph four of page two of this letter, are near Sth Street and
Washington and near the center of section 17, at 8th Street and Jackson.
Geologically, from what we know now, both of these sites seem slightly

preferable to the site at 15th Street and Airport.



GEOPHYSICAL LOGGING OF WATER DEPARTMENT ROTARY DRILLED
EXPLORATION AND PRODUCTION HOLES

Because of the recent controversy and confusion involving geophysical
logging of rotary drilled holes, I have undertaken to review the situation,
Recommendations were solicited from Ed Davidson of the USGS and Don Madsen.
Attached to this review is an appendix containing brief explanations of
the various types of logging. The numbers in parentheses contained in the
recommendations refer to the numbers used in the appendix.

Ed Davidson recommends:

A) For slim holes (which will not be converted into production
holes) drilled in areas where little or no data is available -
spontaneous potential (1); induction resistivity (4); porosity
log - either a borehole compensated formation density log or
‘a borehole compensated neutron log. (These logs are adjusted
for the varying width of the hole and are obtained by running
a caliper log (9) in conjunction with either a formation den-
sity log (6) or a neutron log (8)); sonic log (5).

B) For production holes he feels that since we have not made use
of the logs to blank off undesirable formation, no logs were
needed., However, he did concede that when the well was being
drilled in an area where only a limited amount of information
is known, that a spontaneous potential (1) and some sort of
resistivity (2) (4) (10) log could be run.

Don Madsen recommends:

A) For all slim and pilot holes, regardless of the area in which
they are drilled - spontaneous potential (1); multiple curve

resistivity (2).

B) For production holes in new areas - spontaneous potentialr(l);
multiple curve resistivity (2) or induction resistivity if

available; caliper log (9); neutron log (8); sonic log (5).

C) Production holes in known areas - no logs.

Johnson Drilling Company recommends:

Spontaneous potential (1); multiple curve resistivity (2);
gamma ray log (7). They use these in combination with a
driller's penetration rate log. They believe that the gamma
ray log is the best for locating clay beds. This is a
Michigan based firm and it is difficult to say if this
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would be the most effective group to use here. In the
Michigan area the clays probably tend to occur in isolated
formations, rather than widely disseminated, as in this
area.

Of course, it is to be understood that grain size samples are to be
kept and a grain size analysis log is available for use in conjunction
with the geophysical logs.

My own recommendations are that for each slim or pilot hole, regard-
less of location, a spontaneous potential log (l)and multiple curve

resistivity (2) log be run. (f available, an induction resistivity log (4)

is preferable to a conventional resistivity log (2)). These logs aid in
interpretation of the grain size log. Under no circumstances should a
point resistivity log (10) be permitted to be substituted for a multiple
curve resistivity or induction resistivity log (4). The point resis-
tivity 'log (4) does not permit the calculations of water quality, porosity,
and permeability that are possible from the other types of resistivity
logs.

When the slim hole or pilot hole is in an area where little or no
hydrologic data is available, comsideration should be given to running
two additional geophysical logs, a porosity log as defined by Ed Davidson,
and a sonic log. (5). Among things to be considered are: the additional
cost of such logging; the amount of additional information to be gained
and its value to the Water Department. Only a limited amount of geo-
physical logging has been done in this basin, seeking hydrologic informa-
tion. Even in other areas, the use of geophysical logging in the search
for fresh water is still in the developmental stages. Our ideas of which
type of logs to run and the information available from them will change
as time goes on,

Walt Stein
Sept. 1970

-2-



APPENDIX
This section contains a brief summary for each kind of geophysical log
which might be run in an exploration or production water well,

The descriptions for the first eight types of logs are taken from
Log Interpretation Principles by Schlumberger,

1) The Spontaneous-Potential (or SP) curve is a recording
versus depth of the difference between the potential of
a movable electrode in the borehole and the fixed poten-
tial of a surface electrode.

The SP is useful in holes filled with fresh muds to:
1. Detect the permeable beds.

2, Locate their boundaries and to permit correlation
of such beds,

3. Determine values of formation-water resistivity, Ry,

4. Give qualitative indications of bed shaliness (or
clay).

The SP is generally recorded on Track 1 (left-hand track)

of the log, usually in conjunction with resistivity surveys,
but it may also be recorded along with other logs, such as the
Sonic Log.

Opposite the shales (clays) the readings of the SP curve are
usually fairly constant and tend to follow a straight line
on the log, called the shale (clay) base line. Opposite the
permeable formations, the SP curve shows excursions from the
~shale (clay) base line; in thick enough beds they often
tend to reach an essentially constant deflection defining

a sand line. The deflection may be either to the left
(negative) or to the right (positive), depending mostly

on the relative salinities of the formation water and of

the mud filtrate.

The position of the shale (clay) base line on the log re-
cording has no useful meaning for interpretation purposes.
The SP sensitivity scale is chosen and the shale (clay)
base-line position is set by the engineer running the log
so that the SP curve deflections remain in the SP track.



2)

3)

Conventional Resistivity Logs. (ES) (Multiple Curve
Resistivity).

During the first quarter century of well logging, the only
electrical surveys available were the conventional resistiv-
ity logs plus the SP, Thousands of them were run each year
in holes drilled all over the world. Since then, new logging
methods have been developed to measure values much closer to
Ryxo or Ry, which are the values sought. Nevertheless, the
Conventional ES (Electrical Survey, consisting of SP, 16-inch
Normal, 64-inch Normal, and 18'8" Lateral) is still being run
in many parts of the world.,

In conventional resistivity logs, currents are passed through
the formation via certain electrodes, and voltages are mea-
sured between certain others. These measured voltages provide
the resistivity determinations. So that there will be a cur-
rent path between electrodes and formation, the sonde must be
run in holes containing electrically conductive mud or water,

In homogeneous, isotropic formation of infinite extent,

the equipotential surfaces surrounding a single current-
emitting electrode are spheres, The voltage between an
electrode situated on one of these spheres and one at infin-
ity is proportional to the resistivity of the homogeneous
formation, and the galvanometer deflection corresponding to
such voltage can be scaled in resistivity units,

The Laterolog(B method of resistivity measurement minimizes the
influence of the borehole and of surrounding formation by

- forcing the measuring current to flow radially, as a thin

4)

sheet of current, into the formation being logged.

The Laterolog is therefore much superior to conventional
resistivity devices (ES log) for resolution of formations

of moderate-to-small bed thicknesses. It is also superior

for determination of Ry in case of large resistivity contrasts
(R¢/Rs or R;/R¢) and in case of large Ry /R,.values (salt muds/
or resistive formations).

The Induction Log was developed to measure formation resistivity
in boreholes containing oil-base muds. Electrode devices do not
work in these non-conductive muds, and attempts to use wall-
scratcher electrodes proved unsatisfactory. Experience soon
demonstrated that the Induction tools had many advantages over
Conventional ES for logging wells drilled with water-base muds.




5)

Induction Logging devices are focused in order to minimize the
influence of the borehole and of the surrounding formation,
They are also designed for deep investigation and reduction
influence of the invaded zone.

Practical Induction sondes include a system of several coaxial
transmitter and receiver coils. However, the principle can
be understood by considering a sonde with only one transmitter

. coil and one receiver coil,

High-frequency alternating current of constant intensity is
sent through the transmitter coil. The alternating magnetic
field thus created induces secondary currents in the forma-
tions. These currents flow in circular ground-loop paths
coaxial with the transmitter coil. These ground-loop currents,
in turn, create magnetic fields which induce signals in the
receiver coil. The receiver signals are essentially propor-
tional to the conductivity of the formations. Any signal
produced by direct coupling of transmitter and receiver coils
is balanced out by the measuring circuits.

-The Induction Log operates to advantage when the borehole
- fluid is an insulator -- even air or gas., But the tool will

also work very well when the borehole contains conductive
mud, provided that the mud is not too salty, the formations
not too resistive, and the borehole diameter is known.

The Sonic Log is a recording versus depth of the time/\,
required for a compressional sound wave to traverse one foot
of formation. Known as the interval transit time A, is the
reciprocal of the velocity of the compressional sound wave.
The interval transit time for a given formation depends upon
its lithology and porosity. Its dependence upon porosity,
when the lithology is known, makes the Sonic very useful as
a porosity log. Integrated Sonic transit times are helpful
in interpreting seismic records,

~ Sonic tools in current use are of the BHC (borehole compen-

sated) type. This type sonde substantially eliminates spurious
effects at hole-size changes as well as errors due to sonde
tilte,

The BHC system uses one transmitter above and one transmitter
below two pairs of sonic receivers., When one of the trans-
mitters is pulsed, the sound wave generated enters the forma-
tion; the time elapsed between detection of the first arrival
at the two corresponding receivers is measured.



6)

The speed of sound in the Sonic sonde and in the drilling
mud is less than that in the formations. Accordingly, the
first arrivals of sound energy at the receivers correspond
to sound~-travel paths in the formation near the hole wall,

The BHC transmitters are pulsed alternately, and Ay values
are read on alternate pairs of receivers., The/\{ values
from the two sets of receivers are averaged automatically
by a computer at the surface, The computer also integrates
the transit~time readings to obtain total travel times,

Sometimes the first arrival, although strong enough to trigger
the receiver nearer the transmitter, may be too weak by the )
time it reaches the far receiver to trigger it, Instead, the
far receiver may be triggered by a different, later arrival

in the sonic wave train, and the travel time measured on this
pulse cycle will then be too large. When this occurs, the
Sonic curve shows a very abrupt and large excursion toward
higher At values; this is known as "ecycle skipping". Such
skipping occurs only when the signal is strongly attenuated

by unconsolidated formations, formation fractures, gas satur-
ation, or aerated muds,

The Formation Density Log, also known as a Gamma Gamma Log,

is useful as a porosity-logging tool. Other uses of density
measurements include identification of minerals in evaporite
deposits, detection of gas, evaluation of shaly (clay) sands
and complex lithologies, and determination of oil-shale yield.

A radioactive source, applied to the hole wall in a shielded
sidewall skid, emits medium-energy gamma rays into the forma-
tions, These gamma rays may be thought of as high-velocity

- particles which collide with the electrons in the formation.

At each collision a gamma ray loses some, but not all, of its
energy to the electron, and then continues with diminished
energy. This type of interaction is known as Compton Scat-
tering. The Schlumberger source and detector are so designed
that the tool response is predominately due to this phenomenon.
The scattered gamma rays reaching the detector, at a fixed
distance from the source, are counted as an indication of
formation density. ’

The number of Compton-scattering collisions is related
directly to the number of electrons in the formation.
Consequently, the response of the Density tool is deter-
mined essentially by the electron density (number of
electrons per cubic centimeter) of the formation. Electron
density is related to the true bulk density,f, , in gms/cc,
which in turn depends on the density of the rock matrix
material, the formation porosity, and the density of the
fluids filling the pores.

i



7)

8)

The Gamma Ray Log is a measurement of the natural radioactiv-
ity of the formations. The log is therefore useful in detect
ing and evaluating deposits of radioactive minerals such as
potash or uranium ore.

In sedimentary formations the Gamma Ray Log normally reflects
the shale (clay) content of the formations. This is because
the radioactive elements tend to concentrate in clays and
shales. Clean formations usually have a very low level of
radioactivity, unless radioactive contaminants such as vol-
canic ash or granite wash are present, or when the formation
waters contain dissolved potassium salts,

The Gamma Ray Log can be recorded in cased wells, which
makes it very useful in completion and workover operations.
It is frequently used as a substitute for the SP in cased
holes where the SP is unavailable or in open holes where the
SP is unsatisfactory. In both cases it is useful for the
location of the non-shaly beds and for correlation.

Neutron Logs are used principally for delineation of porous

‘formations and determination of their porosity. They re-

spond primarily to the amount of hydrogen present in the
formation. Thus, in clean formations whose pores are filled
with water or oil, the Neutron Log reflects the amount of
liquid-filled porosity.

A combination of the Neutron Log with one or two other porosity
logs yields even more accurate porosity values and lithology
identification, including evaluation of shale content.

Neutrons are electrically neutral particles, each having a
mass almost identical to the mass of a hydrogen atom.

High-energy (fast) neutrons are continuously emitted from a

‘radioactive source which is mounted in the sonde. These

neutrons collide with nuclei of the formation materials in
what may be thought of as elastic "billiard-ball" type col-
lisions, With each collision a neutron loses some of 1its
energy.

The amount of energy lost per collision depends on the rela-
tive mass of the nucleus with which the neutron collides.
The greatest energy loss occurs when the neutron strikes a
nucleus of practically equal mass, -- i.e., a hydrogen
nucleus. Collisions with heavy nuclei do not slow the
neutron down very much, Thus, the slowing-down of neutrons
depends largely on the amount of hydrogen in the formation,




Within a few microseconds the neutrons have been slowed down
by successive collisions to thermal velocities, corresponding
to energies of around .025 electron volts. They then diffuse
randomly, without losing any more energy, until they are cap-
tured by the nuclei of atoms such as chlorine, hydrogen,
silicon, etc.

The capturing nucleus becomes intensely excited and emits a
high-energy gamma ray of capture. Depending on the type of
Neutron Logging tool, either these capture gamma rays or

neutrons themselves are counted by a detector in the sonde.

When the hydrogen concentration of the material surrounding

the neutron source is large, most of the neutrons are slowed
down and captured within a short distance of the source. On
the contrary, if the hydrogen concentration is small, the
neutrons travel farther from the source before being captured,
Accordingly the counting rate at the detector (with the
source-detector spacings commonly used) increases for decreased
hydrogen concentration, and vice versa.

- Two other types of geophysical logs are also of interest be-

cause of their involvment in Water Department contract speci-
fications.

9) ACaliper Log records the measurements of the diameter of the

10)

hole throughout its depth. Variations in the nature of the
formations will cause variations in the diameter of the hole,
even though the same size bit is used throughout. Factors
which influence hole diameter include: grain size, amount
of cementation, caving, and formation thickness.

Point Resistivity., This was the earliest type of resistivity
logging. One electrode is grounded at the surface and the
other lowered down the well. The amount of current passing
from one electrode to the other is a function of the resis-
tivity of the materials through which the current travels.
This method allows only very shallow penetration fnto the
formations, perhaps not beyond the zone disturbed by dril-
ling mud penetration. Also, as each deeper formation is
measured, the cumulative effect of this resistivity from

the formations above gets larger. No quantitative calcu-
lations are possible with the data obtained. These problems
led to the development of more sophisticated types of
resistivity logging ( See 2, 3, 4).




January 15, 1979

The City of Douglas
Water &% Sewer Department
P.0. Drawer #1198
Douglas, AZ 85607

Attention: Mr. George D. Nalley
Superintendent (GEOEX #1295 cont'd.)
Re: Water Well Drillers,
Drilling Contracts and
Specifications
Dear George:

Reviewing matters more or less covered at the 12-15-78 board meeting and
the way I remember they stood at conclusion of that meeting, a decision was
made to forego preliminary "slim hole" drilling for purely testing purposes and
go directly to a hole for production purposes. It was also decided that some
general production well specifications should be drawn up, together with cbject-
ives and known facts, for submittal to several prospective contract drillers for
the purpose of soliciting proposals from them for drilling the proposed well.
I agreed to get back to you on this in January and, hopefully, with additional
recommendable contract driller candidates.

So far, I have located at Teast one more likely candidate presently head-
quartered in Willcox, and expect to hear from one or two more this week or next.
Some of the qualified rotary drillers are presently involved in multiple hole
or deep hole contracts. These of course are of more interest to them than one
600" wat$r well, but I do not think this problem is universal or apt to remain
perpetual.

Meanwhile, I have prepared a summary draft letter which generally covers
the situation, for your review. This is herewith enclosed and if it is satis-
factory, I recommend that copies be dispatched right away to at least:

ROTARY

1. Venture Drilling Company Telephone No:
P.0. Box 50325 (602) 623-2211 Ve,
Tucson, AZ 85703

Recommended reldable by Cities Service, Geo. Kushmaul & others.
Only ones encountered so far who specialize in polymer muds for
clean holes and maximum production



City of Douglas
Attention: Mr. George D. Nalley
January 15, 1979

Page Fwe
McBee Drilling Company Telephone No:
Room 106, Sands Motel (602) 384-3501

Willcox, AZ 85643

Sounds qualified in talking over phone. Reportediy just com-
pleted a 3110 foot irrigation well near Willcox for a Mr.

Larry Layton, phone 384-2656. Well not yet successfully tested.
Apparently polymer mud was not used. Recommended by Connors
Drilling Company who are reliable specialists in diamond core
drilling for mining prospecting purposes.

Layne Western Company, Inc. Telephone No:
3000 Emory Road (915) 581-5423
E1 Paso, Texas e~
192 . édmﬁwl K (o) &3 -5585
Towtr, Az 9528\ ¢ 100,

n_Boring Well Driliing Telephone No:

9401 N. Verch Way (602) 297-4444
Tucson, AZ 85704 .

(Trustworthy, have known personally for approximately 20 years)

Earl H. Williams Drilling Company Telephone No:
P.0. Box 41210 Tucson, AZ (602) 888-325
Tucson, AZ 85717 (David Williams)
Hereford, AZ (602) 366-5553
(Earl Williams)

PUMP_COMPANIES

Gilbert Pump of Tucson, Inc. Telephone No:
2840 Ruthrauff Road (602) g87-1212
Tucson, AZ 85705

(Have done work for the City before)

The Hanson Pump Corporation Telephone No:
2310 W. McDowell Road Casa Grande (602) 836-7466
Phoenix, AZ 85009 Phoenix (602) 258-3111

A. L. Cotton Boring Well Drilling Telephone No:
(Berkeley Pumps) (602) 297-4444

(See above under cable tool drillers)



City of Douglas

Attention: Mr. George D. Nalley

January 15, 1979

Page Two
4, Crow Company, Inc. Telephone No:
4408 E. Speedway (602) 881-0886

Tucson, AZ 85712

(Similar reference as A.L.Boring)

Depending on the drilling character of the basalt, both as first estimated
and later as initial drill penetration rates indicate, rotary drillers may start
with a small diameter bit to pilot through the basalt and then come back and
ream to the final diameter specified. The reason for this is to maximize bottom
hole tool pressures when minimum tool weights are available and when the rock is
hard. Churn or cable tool drillers may or may not use similar procedures, but
they generally have less available means of control to maintain a straight hole
under these and most circumstances.

Incidentally, regarding the reported poor tests from the new Agua Prieta
well, mentioned at the December 1978 Board Meeting, my records here show that
the test pump was set at 220 feet when the test was made. If that is correct,
it was set much too shallow - in fact almost right at the static water table
level and if that is so, then a good test would not be expected. If this is not
the explanation, then the next most likely reason is that natural and/or arti-
ficial mud has effectively sealed off the aquifer during drilling, or that geo-
logic conditions in the hole are quite different than encountered in the nearest
Douglas city well #5. If Joe Cornejo could get drill logs, or other factual data
on the Agua Prieta wells for us, it would definitely be useful. Unless there is
some specific reason against it, information trading of this sort can be mutually
very worth while,

Sincerely,
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Enclosure




City of Douglas

Attention: Mr. George D. Nalley
January 15, 1979

Page Four

P.S. With your approval, I would be glad to mail out the letter and screen
the responses on your behalf. This would tend to shield you and the
City of Douglas if that's desired - at least until final decision is
made on specifically who will or who will not be definitely dealt
with. Of course, I will need copies of all responses anyway for my
evaluation and recommendations. Meanwhile, any comments from your end
are most welcome or, if you should want me to come down for more dis-
cussion first that's fine too.

Regards,

e, %L%fm

W@M—éﬁw ‘
4
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January 15, 1979

The City of Douglas, Cochise County, Arizona

Preliminary Considerations for Proposed Water Well

Drilling Contract and Letter of Solicitation

The City of Douglas, Arizona Water and Sewer Department is contemplating
adding an additional well to the present nine well system. Following are the
basic considerations and particulars involved.

General Site
Location: Flat terrain of Douglas Basin, approximately three miles or
less from downtown Douglas on city controlled property.

Geology: - Top soil, valley fill or alluvium with a shallow westward
T ' and northward dipping basaltic volcanic flow interbed,
which is exposed at the surface over much of the eastern
portion of the proposed site area. This interbed varies
from roughly 50 to 100 feet in thickness where it has been
previously penetrated by eight city drill holes located
over an adjacent six square mile area. This same area
will include or be immediately adjacent to the proposed
new well site. Exact Tocation of the new site has not
been finally decided but, in any case, it is expected that
drilling will have to penetrate roughly 100 feet of basal-
tic volcanic flow rock. This would be either from the sur-
face down to roughly 100 feet deep in the hole, if the hole
is drilled in vicinity of the Douglas airport, Section 16,
T24S., R.28E or in Section 8 (northwest of the airport)
or in Section 9 (north of the airport).

Specific Site

Location and

Geology: If the site is located to the north or west of these said
Sections 8, 9 or 16, then the basalt layer will be first
encountered at some depth below the surface in the hole and
may be thinner than 100 feet thick. The maximum average ‘
slope of the top of the basalt, as encountered in eight
previously drilled city wells, is about 200 feet per mile
from east to west, and about 50 feet per mile from south
to north. Thus, the estimated depth to the top of the bas-
alt will be fairly accurately known when the final exact
site is chosen. In addition, at that point, there may also
be a Tittle more specific data on predicted absolute thick-
ness of the basalt.

Material beneath the basalt, in all of the dr1111nq done to
date, is more but older valley fill. )

HEINRICHS GEOCEXPLORATION COMPFANTY



Water Table:

fications

Proposals:

Static water table elevation is at 3790 to 3800 feet above

sea level in the present well field. Surface elevations

vary from about 3900 feet to 4100 feet. Therefore, depth

to the "permanent" water table in the proposed new well

site area, will be between 200 feet and 300 feet below

the surface. Thus, the static water table may be located é;tz faaﬂw'
)

above, within, or below the basalt 1ayer(dquédMﬂ0%_@%ﬁ2

Depending on the final exact site location, the presently
maximum programmed well depth is 600 feet. Some kind of
pump or air jet capacity and draw down testing is ulti-

mately desired, in addition to setting adequate size and
properly perforated casing, gravel packing and final pro-

.duction pump setting and testing. A production capacity

of at least 1000 gpm is hopefully achievable but, the
range of 500 to 2000 gallons per minute capacity is tech-
nically possible based on existing wells.

Based on the above, a straight hole and casing which will
comfortably accommodate bowl assemblies of a minimum of

10 inches diameter to a maximum of 14 inches diameter will
be required. Therefore, quotes on nominal hole sizes from
a maximum of roughly 18 inches final drilled diameter down
to as small as 14 inches final drilled diameter and/or what-
ever increments in between may be chosen, will be ‘consider-
ed, but please be specific in indicating alternatives and
costs. Depending on pump test results, most likely, a 10"
or 12" bowl turbine pump will be installed. However, this
could vary if unexpectedly favorable pump test results were
obtained.

Your formal or informal quotation or proposal for handling

all or any portion of this work is hereby solicited. Please
indicate your time estimate, size and type of equipment,
materials charges and recommendations such as special muds,
etc., - also, such things as your fees, expenses, mobiliz-
ation, demobilization or travel charges, etc. Date you could
start or notice usually required and your estimated incremen-
tal times to mobilize, set up, drill, test and/or ream, case,
gravel pack, set pump, production test and demobilize, are
requested. It is realized that drillers may not wish to quote
the production pump setting and testing, but this information
is included, because it Gs of advantage to the city to consoli-
date as much of the whole|project's contracting.as is feasible.

m /]
The extent to which yo wi?l or will not warrant or guarantee
hole completion and/or protect the city from lost time and/or:
equipment losses, in case of trouble or accident in or out of
the hole should be addressed.

HEINRICHS GEOEXFLORATION COMPANTY
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Progoéals
Continued:

o @

If you wish further information you may call or write.
Written data from you including certificate of insurance,
etc., will of course be required before an award or con-
tract will be let. In any event, some definitive response
from you would be appreciated within the next 15 days.

HEINRICHS GEOEXPLORATION COMPANTY




Proposals ‘

Continued: [f you wish further information you may call or write.

’ Written data from you including certificate aof insurance,
ete., will . of course be required before an award or con-
tract will be let. In any event, some definitive response

A f. ,‘ , ~ from you would be appreciated within the next 15 days.

F

! A map of the area showing the location of existing wells or holes and
the area of the exposed basalt is attached for your information.

¥
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September 19, 1978

The City of Douglas

Water and Sewer Department
Post Office Drawer 1198
Douglas, Arizona 85607

Attention: Mr. George D. Nalley
Superintendent
Re: New Wellsite
Hydrological Survey
GEOEX #1295

Gentlemen:
Thank you for your letter of 18 September 1978, received today.

First off, it would be most desireable that I briefly review all readily
available factual data that can conveniently be mailed to Tucson right away.
A plan map copy or copies showing city controlled lands, by legal subdivision,
locations and boundaries, would be most helpful, as would copies of any exist-
ing well logs, data and reports from prior work done by or for the city on its
own land, as well as any similar data from adjacent or nearby land not under
city control but which could still be quite pertinent, such as private land
(ranches or Phelps Dodge) and possibly state land. These need not be at all
comprehensive or exhaustive and, if bulky or otherwise inconvenient, whatever
is immediately and easy to send will suffice, at least initially or for the
time being. Whatever you do send will be kept intact and returned after I
have finished with them.

Should you have any other suggestions, thoughts or questions at any time,
please do not hesitate to let me know right away. Meanwhile, I will be look-
ing forward to your response and working for you on this project.

Very truly yours,
Heinrichs GEOEXplorationCCo.

Walter E. Heinrichs, Jdr.
P.E. & C.P.G.S,
WEH: mt
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@The City of Bouglas

SFRRTWRL YT
RWiater & SBefwer Bepartment GEOE S
Bouglas, Arizons 85607 Cable: gforx NN
Ky %EP 19 1 o
September 18, 1978 _«y
BOX 5965 FUCSON, ARIZONA 85703
¢ Phone: (AREA 602) 623-057§ .

Heinricks Geoexploration Co.
Box 5964
Tucson, AZ 85703

Dear Sir:

Referring to your letter of July 21st regarding a hydrological
survey relative to locating a site for a new well for the City's
water supply.

Will you please arrange to do this job for us. If there is

any information you need from us, please let us know, also if
we can compile information for you we will do what we can.

Veqy truly yours,

George D. Nalézi?k

Superintendent

tes
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Douglas, AZ 85607 1
’ e 2 ) 2lie
Attention: Mr. George D. Nalley CZ: w% ’M‘E’ '8

Superintendent —ee

Gentlemen:

Thank you for your inquiry letter of 17 July 1978 regarding a hydrological
survey in connection with considemations relative to drilling a new well for the
City of Douglas water supply.

Fees for this type of work are $25.00 per professional man hour, plus neces-
sary directly incidental job expenses at our invoice cost plus 15%. Transporta-
tion is $17.50 per vehicle day plus $0.23 per mile per vehicle.

Usual routine is to briefly review and assimilate current and relative facts
and data, ideas, problems if any, and possibilities or intended general object-
ives. This would take one or two office days and if a trip to Douglas is requir-
ed or desired, about ten hours minimum additional or more, if extenuating factors
or special difficulties or circumstances were involved. However, we are aware of
none of these and you mention none in your letter and none are therefore antici-
pated aéd this stage.

Should for some reason more extensive research .or study be indicated, or such
work as ground water geophysical methods -be.needed, then we could proceed either on
a day to day basis or preferably, shéambiafd (oSS nERBEARS p sdls, and esti-
mates submitted for your consideration and prior approval.

My estimate at this instant without benefit of all the available facts, is
that a $750.00 - $1,000 study over a period of 5 to 10 days from start to finish,
including one field day at Douglas, would be at least initially adqquate and poss-
ibly all that would be necessary or recommended. Sometimes we need roughly two
or three weeks notice or more before we can schedule new work and proceed with it.
Sometimes we can get at it almost immediately. It all depends on our work load
at the time.



City of Douglas

Mr. George D. Nalley
July 21, 1978

Page Two

Please do not hesitate to contact us further should you need more details
or have further questions.

Sincerely,

Heinrichs GEOEXploration Co.

Walter E. Heinrichs, Jr.
P. €. & C.P.G.S,

WEH:mt
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The City of Bouglas
MWater & Sefuer Bepartment
Bouglas, Arizona 85607

July 17, 1978

Heinrichs Geoexploration Co.
808 W. Grant Rd.
Tucson, Az 857C5

Gentlemen:

POST OFFICE DRAWER 1198

BOX 5864 TUCSON, ARIZONA 85703
_ Phons:  (AREA 602) 623.0578

We are considering drilling a new well for the City of

Douglas water supply.

We would like to have an hydrological survey of the area
and would need to know the cost and length of time it takes for

this type of work.

Any information you can send us would be helpful. Your

prompt attention will be appreciated.

tes

Very truly yours,

Tt s //,' ( ,_{"/_f"_‘//f,/,
George D. Nalley
Superintendent




November 2, 1978

The City of Douglas

Water and Sewer Department
P. 0. Drawer 1198

Douglas, AZ 85607

Attn: Mr. George D. Nalley, Superintendent
Re: Water System Supply
Study "Phase II"
GEOEX # 1295
Dear George:

This letter confirms the conference held with you, your staff and
the City of Douglas Water Board in Douglas on Thursday, October 26, 1978.

Interest was expressed in gaining more detailed information
regarding the feasibility of developing new production wells further to
the east in the same direction as favored by the indicated trends of real
estate development. Accordingly, it was requested to consider methods,
costs and time required to analize the situation along two profile sections,
each one about one and one half miles long, oriented north-south along
the eastern and western sides of Sections 16 and 9 respectively and extend-
ing from the east-west center line of Section 16 (8th Street) on the south,
to the north side of Section 9 on the north.

In addition, it was requested that available alternatives and
present drilling facilities and costs be preliminarily investigated and
recommendations made, especially from the standpoint of test drilling
purposes, as opposed to production drilling purposes..

Taking the last matter first, more specific investigation is con-
tinuing but meanwhile the following generalizations will apply:

1. Churn or cable tool drilling is cheapest, but slowest and will
encounter more difficulty with hard-rock formations and especially so in
drilling relatively shallower or smaller diameter holes primarily for testing
purposes.

2. Churn rigs are commonly only capable of bail testing which is
usually inadequate for reliable ultimate production yield estimating for
larger yield wells, i.e.; 100 gpm plus.
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3. Ultimate production yield estimates can be most reliably
accomplished by major pump testing and associated measurements, however,
compressed air jet testing may be a worthwhile compromise under some
conditions and this can be dome by some available "slim hole" rotary
drilling equipment at a basic cost of from $7.00 to $10.00 per foot plus
extras such as positioning, biodegradable polymer-mud, casing, perforating,
etc.

4. Rotary rigs are capable of codlaring in hard rock and main-
taining a straight hole with a maximum speed of penetration if properly
drilled with a minimum of proper equipment,

5. Rotary drilling usually requires more equipment and people
on the crew than does cable-tool drilling.

6. Most expensive method, but one which can provide superior
in-hole control and ultimate production yields, is reverse circulation
rotary. This is the method currently employed by the City of Tucson.

It has also been used by the Salt River Project in the Phoenix area. In
goth cases this is mainly for production drilling and not for test drilling
owever,

7. The better rigs and crews seem to be keeping fairly busy and
are scheduled six weeks or more ahead.

Referring to the two proposed study-profile-sections, one concern
is the amount of relief in the older pre-basalt surface. Present indica-
tions are that the basalt thickens toward the east gradually and although
this could change suddenly, the odds still favor that the basal surface
or floor of the basalt will lie above the 3,800 foot water table elevation
under the area of Sections 9 and 16.

Short of actual test drilling, electrical resistivity geophysics
might possibly help map depth to the basalt floor along the two proposed
profile sections and give some indirect areal correlation with water
productivity potential of the saturated sedimentary aquifer section under-
lying the basalt. Such work would cost about $3,000.00. However definitely
interpretable and useful results cannot be reliably assured at this point.

At a cost similar to the geophysical testing, if done separately
or, at a 10% - 20% savings if both were done together, the surrounding
exposed sediments which would be expected to underly the basalt under
Sections 9 and 16, could be studied and mapped geologically. If the results
were clear enough, conceivably useful interpreted projections to depth
under the aeea of Sections 9 add 16 could be made. However, it is also
possible that such data would be too obscure or variable or both to either
map or project successfully. :

Success of these indirect non-drilling approaches will depend
primarily on whether or not meaningful correlations can be made with existing
well data or other factual information @% may be acquired later. Of course
it is possible that such studies would give some categorical do or don't
drillehere answers, but that is much less likely.
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Summarizing tentatively, one 8" diameter rotary test hole, 600 feet
deep, production tested by compressed air, estimate $7,500.00; geophysics
$3,000.00; geology $3,000.00; geology and geophysics combined in concurrent
survey $5,000.00; recommended technical supervision, contract negotiation,
bidding, etc. $1,750.00; 1instrumental logging of drill hole $2,500.,00.
Probably not very much could be initiated before around mid-December 1978
even if decided immediately. In the mean time, I should have additional
or more refined specific figures for you and meanwhile this letter-report
should raise a few questions from your end which I will try to answer right
away.

Sincerely,
Heinrichs GEOEXploration Company

Walter E. Heinrichs, Jr.
P.E. & C.P.G.S.

WEH/jh
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Bonuglas, Arizona 85607

85703
September 20, 1978 %4 TUGSON, Aot

Phone: (AREA 602) 623-0578,

Heinricks Geoexploration Co.
Box 5964
Tucson, AZ 85703

Dear Sir:

Referring to your answer to our letter of September 18
regarding the survey for a new well site.

We are enclosing 3 maps of the City, one has the existing
wells located on it. A map of the Douglas basin, Logs of our 9
wells and pumping information for the last 5 years. A report from
the River Basin-Watershed Planning Staff dated February, 1977.

Also copies of logs of wells in the vicinity. Airport
Well, Nu-Way International Laundry Well, Douglas Dees Well, Cochise
Junion College Well No. I, E1 Paso Natural Gas Co. Well, Agua Prieta
Mexico well.

Any additional information you need let us know.

Ver, truly yourjj7

eorge D. Nalley ‘
Superintendent

tes
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River Basin-Watershed Planning Staff
Suite 326, Arizona Title Bldg., 111 H. Yonroe, Phoenix, Arizona 85003

EHG - Trip Report - Geolegqic Assistance to February 18, 1977
Deuglas Field Office ’

/
/

4
Ronnie g; Clark
RBUP S;aff { 2ader

N

Tuesday, February 1, 1977, vas spent in Douglas providing geological
assistance to the Douglas Field Office.  The purpose of this trip was to
assist the city of Douglas in regard to the development of additional
aground water supplias.

Bart Ambrose, Uistrict Conservationist, and I met with city officials to
discuss the problems confronting the water department in regard to
providing an adequate water supply to the residents of Douglas. Per-
sonnel in the water depariment had assembled a considerable amount of
data relating to existing water supply and wells which have been drilled.
This data greatly facilitated the investigation.

The potential for severe water shortages has been recognized by water

department officials. A breakdown of any of the existing wells during
periods of high useage would create immediate problems in providing an
adequate supply of water to its customers.

A steadily declining ground water level has reduced the yield of some

wells, and pumps have been lowered in some wells to accommodate the >
continued useage of these wells. Fluoride levels in wells numbers 1 and

2 exceed established health department limits for human consumption.

Hater from these wells has to be diluted with water from other wells

before it can be used.

The present water supply is obtained from nine wells. Several other

their complietion. Wells numbers 5 and 8 pump into a five-million callon
reservoir. The city officials désire fo develop an additional source of

test wells have Tailed to yield an adequate guantity of water to justify :57 ik
%étsmf:;g

water to provide water for the storage reservoir. This is the area of g 72gb

aost immediate concern. b
The existing wells obtain their water supply from the valley-fill sedi-

ments and the associated interlayered basalt. The valley-fill sediments
consist of gravel, sand, silt and clay of Tertiary and Quaternary Age.

The basalt which underlies the city of Douglas is also of Cuaterrary

Age. Althcugh the older sedimentary igneous and metamorphic rocks which

underlie and border the Couglas Basin contain some water, they are of no

great importance as aguifers since the yield of water from them is

generally quite small. '

©.
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The role of the basalt in relation to ground water movement and yield is
not completely known. Available well logs for the city of louglas

indicate that all wells except numbers 1 and 2 penetrated basalt. From %
the well logs 1t can be deduced that tha basalt fleow originated east of
pouglas and flowed over an irregular alluvial surface. (n this assump-
tion, it is concluded that some of the irregularities on the base of

basalt may represent the location of channels cut into the alluvium,

This conclusion is substantiated to some extent by the presence of sand

and gravel layers which may represent channel deposits under the basalt.

Correlation of individual alluvial strata between the various wells can
only be tentative and subjoct to considerable guesticn due to the len-
ticularity of alluvial sediments deposited in such a basin as the Douglas
Basin. For that reason it is recommendad that any additional drilling
to develop water supplies should be done by drilling small diameter test
holes. These holes should be completed at considerably less cost than
large diameter wells required for production. After running pumping
tests, a decision can be made as to the advisability of attempting to
complete a production wall at a given location. In undertaking the
drilling of any test well a good log of materials penetrated should be
obtained. Collection and preservation of well cutting samples should be
required. The running of electric logs on test holes should prove to be
of great value in the evaluation of a given test well.

With regard only to interpreted geologic conditions, several areas were
selected as meriting further investigation by the drilling of test
wells. 1o consideration was given to the availability of property for
test sites or the location of existing water lines to collect and dis-
tribute water which micht be developed. The lccations need not be exact
as existing data is not adequate to make very pracise determinations.

Tentatively recommended areas for test wells are: (1) near the center
of Section 12, Range 27 E, Township 24 S, (2) center of IES of Section
13, Range 27 E, Tounship 24 S, (3) near the center of Section 7, Range
28 £, Township 24 S, and (4) near the center of Section 18, Range 28 E,
Township 24 S. (See attached map.)

These sites are selectad on the basis of geologic conditions as inferred
by available well logs. Cata obtained from drilling test wells at any
speciftc location should be evaluated prior to initiating drilling at
cther locations.

T e
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R.VL. Clark

If test drilling is unde

Sections numbers 12 an d to a depth of about 5G0 feet. ‘]3
t.xl

¥ells in Sactions numbe hould be drilled to about 600 fee
These are tentative depths and 1d be subject to change based upon
information obtained during drilling.

Further water development in the imnediate vicinity of Douglas will con-
tribute toward increasing the rate of ground water level decline.

Future water needs may necessitate the development of water supplies
1 tne ou n ea. In order to plan for the most efficient devel-
opment Tor long range needs, 2 mores Con rehensiyg_geghzgrclogical study

should be undertaken.
NN A

Aubrey ¢ Sanders, Jr.&é?{

Geologist

Attachment

cc:  (w/att.)

John 4. Peterson {1 copy)

Ralph 4. Arrington (1 copy)
_ Joseph L. Knisley, Jr. (1 copy)
| Barton E. Awbrose (6 copies)
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SUPERINTENDENT'S REPORT -- SEPTEMBER 1578

7

Listed below is the well 'information, and a comparison of the last five years. )

PUMP #1 _ . ;\
LOCATION: Pumping Plant, west of Douglas. ;
DRILLED: 1942
DEPTH: 337"
EQUIPPED: Cook ~ 8" Turbine
PUMP SETTING: 160"
SUCTION: 10" -
TOTAL SETTING: 170" gl- " < —
. AIR LINE: 170’ TN
Uan ) 1974 1975 1976 1977 1978 )
! kgbgéngTATlc WATER LEVEL: 124'6" v 124'9" ¥, 123'4" 47 _"121'3" — 129'3" /.
—DRAW DOWN: 160"~ /3T 190 - HIT 1p7v9m 777 130197 133'8" - 45
GPM: 1000 1000 1000 1000 1000 o

PUMPING LEVEL ABOVE

TOTAL SETTING: B 30"
—— e s S M‘M
PUMP #2 -
LOCATION: . Pumping Plant, west of Douglas.
DRILLED: 1943
DEPTH: 340"
EQUIPPED: Cook - 8'" Turbine y .
PUMP SETTING: 130" - 57 .
SUCTION: 16" _ o .
- TOTAL SETTING : 146"
1974 1975 1976 1977 1978
(
STATIC WATER LEVEL: 128'8" - 118'6" + 116'7" i+, 115' - 1198 gt
DRAW DOWN: 140" —//.2" 129%10'4 " 128'6"-II T 130'—/5 132' —12~¢
GPM: 1200 1000 1000 1000 1000 — 1650
PUMPING LEVEL ABOVE
TOTAL SETTING: 16"
\____“______,_/—"“"‘Xﬂ.,,/-"” T — —
PUMP #3
LOCATION: Overlock Add - 25th Street and Louis Avenue
DRILLED: 1947
DEPTH: 320'
EQUIPPED: Byron Jackson 10" Turbine was replaced with Gould 8" Turbine
PUMP SETTING: 312' Corrected 9-76 and 20" in 12-76
SUCTION: 10"
TOTAL SETTING: 3 Y
AIR LINE: 320" Sounding Tube P /7] &
1974 1975 1976 1977 1978
STATIC WATER LEVEL: 215'6" T 222' _ = 228'5" Tl 226'@0' 232'8"
DRAW DOWN: 233'6"-18 256 St 264" ~3°7 256 e
GPM: 520 730 900 735 e
PUMPING LEVEL ABOVE
TOTAL SETTING: 66"




~

SUPERINTENDENT'S REPORT -- SEPTEMBER 1978

PUMP #4
LOCATION: 15th Street Park
DRILLED: 1956
DEPTH: 461"
EQUIPPED: Johnson 8'' Turbine
PUMP SETTING: 340"
SUCTION: 10" o
TOTAL SETTING: 350" o ‘
AIR LINE: 340"
1974 1975 1976 1977 ©1978
STATIC WATER LEVEL: - 208 0 212'9" 218" T 224'8" 7%
DRAW DOWN : | 272'6" ¢ ager 7 " 290" 7% 2951~ 7
GPM: 850 950 850 800 800 — 50
PUMPING LEVEL ABOVE '
TOTAL SETTING: o 50"
| W”/
PUMP #5
LOCATION: 8th Street Park
DRILLED: 1960
DEPTH: 430"
EQUIPPED: Johnson 8" Turbine. Aug. 76, 40' extension installed.
PUMP SETTING: 340
SUCTION: 10" o g .
. TOTAL SETTING: 350 ‘f/ / 7 -
1974 1975 1976 1977 1978
STATIC WATER LEVEL: -~ 238" I+ 234' _ '+ 219'10" T 216'8" | 220'6"
DRAW DOWN: 2571 19 254" ~ A0 gu51-25'2 0 as0v 232 24174" 2 20'f0"
GPM: 1150 1100 1190 11100 1100
PUMPING LEVEL ABOVE
TOTAL SETTING: - 110"
— S ——
PUMP #6
LOCATION: Near Golf Course
DRILLED: 1964
DEPTH: 450"
EQUIPPED: Fairbanks Morse - 8" Turbine
PUMP SETTING: 250" ;o
SUCTION: 10’ g
TOTAL SETTING: 260" ~
11974 1975 1976 1977 1978 |
STATIC WATER LEVEL: 214' =/ 218'-53/~219'10"  ,=228'8" 4232781 5
DRAW DOWN: 241 =27 241" 2452 C o 2521g" 27 25219 —20
GPM: 1250 1200 1190 1175 1175 — o<
PUMPING LEVEL ABOVE '
TOTAL SETTING: 74"
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PUMPING LEVEL ABOVE
TOTAL SETTING: 86" 81"

PUMP #7 .
LOCATION: 11th Street and Pan American
DRILLED: 1967
DEPTH: 554"
EQUIPPED: Layne Turbine 10"
PUMP SETTING: 230"
SUCTION: 10" /
TOTAL SETTING: 240"
AIR LINE: 240" = /7/
© 1974 1975 1976 1977 1978
STATIC WATER LEVEL: ~157" ., (=—158' /155" _,, '=160" | .-168' Airline
DRAW DOWN: 193' “96 188" "7 198" 77 185'-25  195'%irline
GPM: 1150 1000 1250 - 1250 1250 oo
PUMPING LEVEL ABOVE
TOTAL SETTING: 55%
PUMP #8
LOCATION: 27th Street and Washington
DRILLED: 1971 -
DEPTH: 500"
EQUIPPED: 1972-Peerless 8" Turbine
PUMP SETTING: 390"
SUCTION: 10" ;
TOTAL SETTING: 400" e .
AIR LINE: 407" — 0 :
1974 1975 1976 1977 1978 )
= === = | S ( ————////
STATIC WATER LEVEL: 3 252',722’(?252' 5! —256" _ 5y 256" sy — 260" Airline
DRAW DOWN: - 320" 317° 330" 320° 318" Airline
GPM: 1250 830 900 850 800 _ /s,
PUMPING LEVEL ABOVE
-_—
PUMP #9
LOCATION: Overlock Addition
M
DEPTH: 503"
EQUIPPED: Goulds 10" Turbine /
PUMP SETTING: 352" - 2 |
SUCTION: 10’
TOTAL SETTING: 362" Rr
AIR LINE: 340" TEST
PUMP
P )_Q—Q- 1976 1977 1978 ;
3]
STATIC WATER LEVEL: — 224" | —256" _,, o' 4255 Aleine
DRAW DOWN : 314" ~90 2810 & 281' AiPline
GPM: 1500 1100 170 ~3Zaa



CITY OF DOUGLAS WATER & SEWER DEPT. ' | i
DOUGLAS, AZ 85607

WELL LOG

STATE I.D. (D 24-27)10-1
WELL # 1 PUMP HOUSE - SEC. 10, NW of SE,

Township 24, Range 27

DEPTH: 3337 Feet

DRILLED: September, 1942 by J. L Eicks
( . CASED: 12" to 277 feet

WATER LEVEL: 57 feet - depth to water 2884 12/15/42

LOG
0' to 14' Surface Soil
14T to 25' Sand, gravel, water
25' to 75' Clay

75' to 80' Sand, gravel, water 7 f;
80' to 268' Clay %\C%O—l??,x?%)
| 268" to 277' Brown rock, water _

277' to 337 Blue lime rock, water

DECEMBER, 1958 Repairs - Ji R. Sharp - columns were

¢ . lengthen 20 feet: total depth 334’ _ :

| Casing: 12" I.D. - 0" to 248" - 8" I.D. 248' to 334’ Y
» Perforated full length 10" bell welded on top ‘

| of 8" liner.

i WATER LEVEL: 55 feet

MAY, 1966 - WATER LEVEL - STATIC 90*1"

DRAWE DOWN - 96'8"
February, 1967 Static Water Level 8819
Drawn Down 92v10"
MAY, 1968 STATIC WATER LEVEL 100" e g s
{ DRAWYK DOWN 106'4" £ook LR L Py T _.'. ,,
Gals. pumpszper Min. 1100 g.p.m. " B ' ‘
MAY, 1970 STATIC WATER LEVEL 105"
DRAW DOWN 108!

GALS. pumped per m. 990




“ STATE I.D. (D 24-27)10-2
WELL # 2 PUMP HOUSE - SEC. 10, NW of SE,
TOWNSHIP 24, RANGE 27

DEPTH: 340 Feet _ _ e AT : j1é3;J iQ E

DRILLED: February, 1943 by J. L. Eicks
CASED: 12" Standard T & G 13 Casing .
WATER LEVEL: 55 Feet

LOG

0' To 20' Soil
20' to 30' Sand, Gravel, water
30' to 83' Clay

83' te 95' Gravel ( water)

/ -
95' to 120' Clay é_(%o jﬂ >Q7l
120" to 130' Gravel (water)
130' to 200 Clay & Gravel
200' to 260' Clay, Sand, Gravel
260' to 335" Black gravel (Water)
335' to 340 Red Clay Gravel

D

8)

"DECEMBER, 1958 Repairs - J. R. Sharp - columns were
lengthen 20 feet. total depth 336'
CASING: 12" 1.D. O0' to 250' - 8" I.D. 250' to

336", perforated full length 10" bell -
welded on top of 8" liner

MAY, 1966 - WATER LEVEL - STATIC 90'8"

FEBRUARY, 1967 - Static Water Level 80'8" :
Draws Down 915" L ~V?':'2 'it ff-
MAY, 1968 STATIC WATER LEVEL 89! ’ ' 3 A e
DRAWHR DOWN 102'8"
Gallons Pump per min. 1230 g.p.m. ;'
MAY, 1970 . STATIC WATER LEVEL EO7 ?
DRAW DOWN 1127 f
Gals. pumped 1100 g.p.m. _jiv‘




STATE I.D. (D 24=28)18-3
WELL # 3 - OVERLQCK

DRILLED : May, 1947 - Joe L. Eicks T oy SRR
LOCATION: NO}th half of Block 28 - Overlock Addition AT e
P | 2" Rt

BE %, EB %, of SW %, Section i; Township
24S, Range 28E. G & S.R. B & M Cochise

County Loth- 1z *«r:.: _—
DEPTH: 320" Lots- B=F THT
LOG OF WELL Lots 23 47024 %f‘gﬁ

0o - 2 Top Soil o

2 -15 Black Soil & Boulders

15 - 35 Gravel & Clay

35 -118 Red Clay
118 =122 - Gravel
122 - 160  Sandy Soil
160 - 165 Sand.gravel, water Static Water ::>_—s
165 - 170 Clay & Gravel - e J
170 - 175 Clay & Gravel _
175 - 190 Clay & Boulders |

190 - 200 Sand, (water) ' .
200 - 211 Porous Malapai
211 - 227 Hard Black malgpai _ L
227 - 231 Porous black malapai 5 ) L
231 - 242 - Hard black malapai -q-'???' (/?78_) g B
242 - 248 Porous malapai . LR T T T ‘
248 - 258 Hard black malapai v . ot
258 - 267 Porous Red Malapai with water crystals _/ _' S _1_3}:'5;:ﬁ L }4
267 - 280 Extra hard black malapai jﬁ o e T e PR ;,/,Z;.
280 - 283 Porous Malapai i S : O
283 ~ 291 Extra hard black malapai
291 - 306 Hard black malapai with crevices full of
mud

306 - 317 Porous malapai with water crystals EQ'

317 - 320 Tight hard mixture of clay & gravel like
concrete o




STATE 1.D. (D 24-28) 7-4
WELL # 4 - 15TH STREET PARK

DRILLED: January, 1956 -‘Valley Tractor & Equip. Co
LOCATION: Section 7, Twp. 24S, Range 28W
SW%, SE %, SW¥%, 15th St. Park ;
DEPTH: 461"
LOG OF WELL
0- 3 Top Soil
3 - 53 Red Clay
53 - 90 Brown Clay
90 - 145 Red Clay
145 - 170 Red and Brown Shale
170 - 190 White Sand

190 - 240 Clay & Gravel P74 40— 127'_GQ70) 225 (773)

240 - 270 Sand & Gravel

/

270 - 280 Boulders _
’

280 - 335 Malapai Rock %’

i 9o

335 - 461 Sand & Gravel " w7

7 ,
150 Static Water Level -~ .
MAY, 1966 - WATER LEVEL - DRAWNDOWN 188'6"
FEBRUARY, 1967 - Static Water Level - - 177'4"
Draww down - 225" returns
within 25 minutes. o
MAY, 1968 STATIC WATER LEVEL 182'6”“(. 44%:L
DRAWR DOWN 229'8"
. Gals. pumped per min. 900 g.p.m. : S o _;.: s 7
MAY, 1970 STATIC WATER LEVEL 227" | SRR LAY, /
DRAW DOWN 245" ' ¢ g
Gals. Pumped ' 800 g.p.m. .
APRIL, 1971 STAtIC WATER LEVEL
DRAW DOWN

G.P.M. 800




STATE I1.D. (24-28)18-5 .

WELL # 5 8TH STREET PARK
DRILLED: August, 1960 - j. R. Sharp
Location: Twp. 24S, Range 28E, Section 18
SE %, NE %, Swk, 8th St. Park near 5th St|
DEPTH: 430"
LOG OF WELL
0 - 60 Red Clay with Caliche streaks
60 - 80 Rocky clay
80 - 105 Red Clay
105 - 110 Rocky Clay
110 - 135 Red Clay -
135 - 240 Rocky Clay (/77 6/,,03 (?7/)
175 first water (Not very sttong)
240 - 264  Black Malapai
264 - 270 Red Malapal 5/123'
270 - 298 Black Malapai Y,
298 - 430 Gray Conglomerate
169 Static Water Level

MAY, 1966 WATER LEVEL - DRAWNDOWN 202'11"
FEBRUARY, 1967 Static Water Level 184'5"

Draws down 198!
MAY, 1968 STATIC WATER LEVEL 190'9" B ‘51,5'
DRAWE DOWN 204"
Gals. pumped per min 950 g.p.m.
MAY, 1970 StATIC WATER LEVEL 195'6"
DRAW DOWN 210"
Gals. Pumped 950 g/p/m.
APRIL, 1971 STATIC WATER LEVEL 197"
DRM poyy 210"

G.P.M. 1000

(21_0,5 - (978 >




STATE I.D. (D-23328) 6-6

WELL # 6 -~ NEAR THE GOLF COURSE

May, 1964 - J. R. Sharp

DRILLED: )
LOCATION: Township 24S, Range 28E, Section 6
SE 4%, SW%; of NW 4
DEPTH: 450"
LOG OF WELL
0 - 160 Red Clay & Boulders
160 - 190 Sandy Clay & Gravel
190 - 290 Conglomerate e—-’?oglf/,,c
290 - 294 Sandy clay & Gravel
294 - 345 Grey Malapai g’b !
345 - 380 Red Malapai *6 .
380 - 450 Conglomerate 7u§~°
180.5 Static Water Level \ 27{53‘7?7 _
do~ \ 0 9
221° Drawkdown at 1400 G.P.M. ' A
“May, 1966 Water Level - Static 186'2"
Drawmdown 189"
FEBRUARY, 1967 -- Static Water Level 187'6"
Drawr Down ° 2198w !
MAY, 1968 STATIC WATER LEVEL 195'_/,CL1
' DRAWM DOWN 222"
Gals. pumped per min. 1350 g.p.m.
MAY, 1970 STATIC WATER LEVEL 200" N /}QJ
DRAW DOWN 228"
Gals. Pumped 1300 g.p.m.
APRIL, 1971 STATIC WATER LEVEL 203" 3 }éo
DRAW DOWN 2537 ’
B.P.M. 1300

%1117-?8’).




W 4 — e e »
] .7 - w S / & i
£ o /:’ = ) '

WELL # 7 - 340 - 11TH STREET "H" Ave.

O

/

N

DRILLED:  MAY, 1967 - EARL LOHN DRILLING CONTRACTOR -
LOCATION: Twp. 24 South: Range 27 East, Section 13
NW %; SE L; NW 4.
DEPTH: 554!
LOG OF WELL
0- 5 Surface Soil
5-25 Light Yellow Clay
25 - 85 Brown Clay
85 -160 Brown Shale § Clay -Q'*"//zo /42' :
160 -165 Gravel (not much) Water
165 -215 Brown Some Gravel /éi; -
215 -385 Brown Clay § Gravel Wl/???)
385 -400 Black Clay Gumbo )
400 -410 Black Hérd Malapai T , | '
410 -422 Black Extra Hard Malapai :53
422 -450 Black Hard Malapai
450 -470 Red Clay & Gravel
470 -512 Brown Clay § Gravel
512 -542 Gravel
542 -554 Hard Sand & Gravel
132'/ ;6' Static Water Le\?el e
205! 1 Drawn Down pumping 1718 G.P.M. recovery a

APRIL, 1971

to 134'6" in three minutes. _
i t =
]
STATIC WATER LEVEL 142" 44?
DRAW DOWN 185!
G.P.M. 1250




STATE I.D. D(24-28)8 Bbb /
WELL #8 EAST OF WASHINGTON AVENUE
DRILLED: JUNE, 1971 - EARL LOHN, JR. $ 7,616.00 |
LOCATION:  Twp. 24 South; Range 28East; Section 8
NW %, NWy, NWs |
K DEPTH: 500 Feet
LOG OF WELL
0- 3 SOIL
3 - 6 CALICHE
6 - 12 SAND
12 - 27 CLAY AND GRAVEL
| 27 - 55 SANDY CLAY
55 - 85 SAND AND GRAVEL
95 - 122 SAND-GRAVEL WITH CLAY
122 - 163 BLACK MALAPAI
| 163 - 167 N BROWN =
1 ( 167 - 173 BLACK " (Very Hard)
173 - 190 Brown " - /02’
190 - 196 Black v (Very Hard) :
196 ~ 208 Brown 2k (
208 - 210 Brown Burnt Clay
210 - 224  Black Malapai (Very Hard) | | N ,
E 224 - 259 Brown decomposed malapai X L : 1"-zﬂlrﬁ
| 259 - 295 Brown Conglomerate T '; 7@) // )
295 - 302 Sand and Gravel “760 'f (’%’0 e -
302 - 319 Brown Conglomerate | T I '
319 - 321 Hard Conglomerate
l 321 - 480 Brown Conglomerate
480 - 488 Conglomerate with hard streaks ;
| 488 - 498 Hard Conglomerate |
498 - 500 Brown Sticky Clay

230" * Static Water Level




DRILLED:
LOCATION:

~ DEPTH:

13
20
42
55
83

189

192

195

210

234

260

272

283

301
306

308
315
405
410

STATE I.D. D(24-28)7 acc o
WELL # 9 - OVERLOCK

_ JULY, 1976 - EARL LOHN, JR.

SOUTH half of Block 28 - Overlock Addition
NW %, SW %, of NE % Section 7, Township 24S,
Range 28E, G & S. R. B & M Cochise County.

On Lots 8 and 9 £ﬁ£+;/ /Lfofaf"z
ity - deo.
503! //\_lg‘;l ‘f/,:: Jp &2
’ Trceryg 2,289 77,
LOG OF WELL ' /5 C83,1
2 Top Soil

4 Brown Clay with Boulders
13 Sandy Clay

20 Sand

42  Gravel »

55 Brown Sticky Clay

83 Brown Sandy Clay
189 Brown Gravel with Clay
192 Gravel & Boulders
195 Brown Malapai
210 Very Hard Black Malapai
234  Brown Malapai (lst water @
260 Black Hard Malapai
272  Brown Malapai °
283 Very Hard Black Malapai
300 Brown Malapai
306 Extra Hard Black Malapai
308 Black & Red Malapai \/
315 Gravel In Clay

405 Cemented Conglomerate
410 Clay & Conglomerate

503 Brown Cemented Conglomerate




N < PosT OFFicE DRAWER 1198
TELEPHONE 384-3331

The Aity of Bouglas
Water Bepartment '

. Bouglas, Arizona 85607

March 25, 1966

‘ ZOCQ d O~ "-((F >
'dlll{—Way International : ,

Laundry - Well Drilled March 23, 1966
By V(\;illcox Pump & Equipment Co.

Top Fill, Oily
12

Yellow Clay, Gumbo

60
63 Grey Shell Rock
Red Clay, Gumbo .

83

90 : Sand & Gravel

Clay, Gumbo

168

. Sand § Gravel
185 :

Yellow Clay

202

Clay W/streaks of sand § gravel § small boulders

248 t———r

251 ST | o~Hard red Clay a ﬁ gﬁ
».;-‘— :»;J;

U Perforations 120' to 250!

k : Citey#
%ﬂ{. :?ge ;{?@ %,”l/(’t@#( 4" 4> Static Water Level 105"

4

Pumping Water level 151"
:4001 N 1/3 “,(fgl-c,#7) ping Water lev



CM;//%/ WIWM o).  Loph. | ? 70“

SECRERART ° DE RECURSOS H( DRA U LICOS .-
GZRENCIA GLNBRAL EN EL ESTADO DE SONORA (ZONA NO 3g

AQUA POTABLE Y ALCANTARILLAIO. N

AGUA PRIETA, SONORA,

CLASIFICACION LITOLOGICA DE CAMPO DEL POZO No. 3 PARA AGUA POTABLE nr.
ACUA PRIETA, SONORA.

TEE TED SRS v e e W SR SN MED  Gie Gt e ams NS GmD S0 m et G ams WIS N Swn et an el St iy e s wes  emme  em e

PROFUNDIDAD e

(ﬁz”) . DS“")a CLASIFICACION
00,00 - 20,0 0.0 - 6,00 Arenas, poca gravilla y arcina (x)
20 -~ 30 6,00 - 9,15 Arenas, pooa granlla, poca grava y amilla. .

30 - 60 9.15 = 18,30  Arenas, gravilla y arcilla. ,

60 - 170 18.30 = 21.35 Arenas, gravilla, poca grava y poca arcillac

0 - 8 21.35 =~ 24.40 Arenas, gravilla, poca grava y muy pooca sroilla. :
80 - 100 24040 - 30.50 Arenas, gravilla y arcilla, '
100 = 150 30.50 = 45.70  Avemas, gravilla y grava.

150 = 160 45.70 - 43,80 Urava, arenas y gravilla.

160 = 170 48,80 = 51.80 Gravilla, grava y arena.

170 = 180 51,80 = 54.90 Grava, gravilla y arenas.

18 = 200 54,90 = 61,00 Arenas, gravilla y grava. ek
200 -~ 210 61.00 = 64,00 Arenas, gravilla y poca grava.
210 = 220 64,00 = 67.00 Arenas y poéa gravilla,
220 - 230 67.00 = 70.10 Arenas, gravilla y poca gravae -

230 =270 70.10 = 82,30 Arenas, gravilla y grava,
270 = 290 82,30 - 88.40 Arena, poca gravilla y poca grava.

290 - 330 88,40 ~ 100,60  Aremas, gravilla y grava.

330 = 400 100,60 - 121,92 - QOrava, gravilla, arenas y arcilla.

40C = 460 121,92 - 140.21 Arenas, gravilla, grava y poca aroilla.

A
\Xy

GIRP'icv,

"ARENAS" Comprende: Arena de grano fino, medio y gruoso, distribuidas -
uni formementes.

ARGNA — SAND
LRAVEL (_rwéj

GRAV VLA~
Ak ik = CiAY |
GRava — eravel (coBgsE).
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Douzlas Darg

Couoity A VLI iy o mep,

5 £fte to 47 8. Clay

+7 ft. to 51 Tt. sanrd ¥
51 £t. to 71 ft. ~andy clay ' :

71 ft. to 75 ft. Sand and cravel

75 ft. tc 1%0 £ft. Clay with large gravel embedded

(Y8}

C
=
(—’.
L)
ot
o]
=8

N - s
Ca
N
+h
ot
L]
ct
(o]
Iy
AV]
\N W

ft. clay with amall embedded sravel (black, green, red)

25 ft. to 227 ft. 3aand and saall gravel wat€r bearing)
£ ~1, 0 & :
229 ft. to 235 ft. Clay g
~hL Q L L5 L ey
245 fte to 235 ft. S2nd and gravel
256 ft. to 2925 Zt, Clay with large
~= o : Z o .
235 ft. to 320 ft., Jand and gravel

Totzl. derth of hole-- 306 ft.

Type of casing--steel 84

Method of s¢aling at rcduction voints--welded '
Yerforatad irom 2C0 ft. to 291 ft.

Size B6f cuts--1/3" by 12"  Ho. of cuts per ft. &

Metrod of construction--drilled

Date started~- April 85, 1975 )
Dats comnlated--April 16, 1875



PUMP SALES
SERVICE
DEITH
0 -5
5 - 12
12 - 18

215 - 350
Loo

w

W

)
1

0 - 35L

rd

'
15

(P8

3% - Loo

Loy

CCCIISE

"
t

"

1
n

it

"

WELL DRILLING
PROSPECTS

9. R Stang

GENERAL CONTRACIOR
BOX 01175 -:. PHONE HE 24597

BISBEE, ARIZONA

FOCHISE cowiee At 3'%3

JULY 1963
L ¢ ¢

JUNTCGR COLLEGE WELL NO. T AOCG'& L) WQF.

FPCRMATTCY

Top soil

La]

Cravel
Clay
Gravel

)

Sand and gravel ---FIRST WATER 4T 173 fect

Q
=

ay

\ °

Gravel with some clay
Tan clay. Thin layers of gravel

Alternate tiin hedded shales, conglomerate

and clay .
3 | | ,;7
_mé«%@/,

16* 0.D. pipe
STATTC IEVFEL
Cpen hole

terfrrated Mills Fnife 3" x 33" ¢ each foot
&
lerforated Toreh 378" x LU each root,

Cne hour hajiler test at 25 gpm at Arilling depth
nf 215 feet, Static vael 173 feet. water
1owrr@ﬂ to ]8) fret in prutv minutes with no
Farther change pep uration of test,

One hour railerp test with casing at 9% feet e~
Tore Lnlfzny h:wlrn at 25 pim rate, Statie
level 1/ fﬂrt afor 1nwr7rd te 174 fect in
ety it e wi*h o imrthieop change ipy iupr-
L1 &) R RTTS




DOUGLAS, ARIZONA

A 1947

LOG OF AIR PORT WBLL

P

" The Qitg of Bouglas <

Water Depariment

B

9 and 1/2 miles north of Doug:{aa /,“/e QMQL Be. 2y df 2

Faet from top |

0f
1 ;/2’

——=—a-182"
164°*
292t
£97?
2997
328%
332*

330" 3% of 10" Casing with 88" of perforation
DRILLED BY JG=

LICINSED DRILLBRS.

Top Soil

Caliche

Ciay and small roek
dater, sand & gravel
Joint Clay
#ater, Sand & gravel
Clay & large gravel

Boulders
_ Concretas formetion
dater, Cravel

Clay
fater, Gravel

@

Fasatb to

1/9'

14?‘
150 ==
62t
164 -——

coRr

£297°¢

2991

328t

338"
3377

2ICKS & ONBY REYHOLDS

r¥;,<9

A/MW




G ’—\\'v [/ e
./ EL PASO NATURAL GAS COMPANY
®
WATER WELL DATA REPORT -
Neo 3 STATION i
2r Yol _Howard , \:
LEE B3 ;;ad By ;N r 7 Py
LY i 2<ion Date ___ 196 WALSEE: g M
( | 5 ) / E A ﬁf/ ;>
(L WELL DEPTH = FEET cucussocniscobone esruanmannns .o =00 . =14 / \
TIC L3EL (TOP T0 BOTTOM) - FEST ......... LYe_ L [9€€ [cg )

(TOP TO BOTTOM)

FEET

LR
+ DOWN
7P SETTING i vereenns s

b Cd..r’A ITY GPM. s

20 =0
.o ¢

............

'“I G. PM
”""-:»'.}_-; 1\).4.4.;53 OF PUMP ., .cu e

oIZE

v o e

L I BN S - ® e 0 s 8 s aw e

{TOF TO BOTTOM)
8 5/8

- FEET ....

\TS IMPELLER RATSED FOX TEST ...

2/ 8

Feerless

di-Lift

s 6 00030 0 . > D
LRI N T e e e e ° 0 .
L I A AN Y * 0 e w s n .

80739

7 b

4"

1

General Electrie B

5K6505XA2B
15

39.2/19,6

---------------------

220/440, 3 phase, 60 cycle

0 0 s 0 e e 308 028w

N116959333

Frame 6503

RPM 1755

viminae B by GASING SIZE
s Ve CASTH" SIZE
- FT, CASING SIZE
s L "PCI‘IG SIZFE .
~¥T. SCPEEN IRSTALLED
~FT. SCREKE INSTALLED
ceormeeimeee 1L . PEEFORATION
MBE OF PERFCRATIONS PER FOOT
5

ArrROT T AATE LERGTE BACH PERFCRATION

In.

Pum Column \
21 X 10 210
Bowles 6

Total 216

¢ 5 LG & COPY OF

‘5TS WHRRE AVAILABLE

‘D, C, ¥elly

PREPARED BY
Dec, 15, 1954

DATE



WELL ¥HO,

EL PASO HATURAL CAS COMPANY

COMPRESSOR DEPARTHENT

NO, § STATICN

. :
Fermation:

EOWARD WELL DATE
LOG
FORMATION
Gravel and Caliche
Sand
Linms .
Gravel and Clay
Lime. .
el and Clay.
(Matep sand~em—m———
ay -

Hard Gravel-
Clay and Gravel -

Fine Gravel an
Gravel

0, Fa&T




El Paso Natural Gas Company
COMPRESSOR DEPARTMENT LABORATORY

WELL WATER ANALYSIS

Seaple Des:cription - Station No. 5
Howard Vell

2/3/50 2/6/50 _ 2/13/50
75 7.8 7.8
{~iel hariness as CaCO3 148 166 146 -
Caicium as Cally 104 118 111.
Magnesium as (alo03 A 48 35
P Alkslinity as CaCO3 0 0 8]

2nal Alkalinity as Cal03 245 250 215 -

Cuwloride as C1 32 32 32

Silica as 510, 26 27 27
Iron as Fe 0.2 0,2 0,2 *

Tctal Solids 468 468 502 -

ALL RESULTS EXPRESSED AS PARTS PER MILLION

> 3
>
53
- >
193}

Clint de la Houssaysn

isn\
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PHONE 887-1212 i S LB,

PUMP of Tucson, Inc. >>> -

2840 RUTHRAUFF ROAD
TUCSON, ARIZONA 85705

May 19, 1977 7 0.
&c/&’ ¢

City of Douglas
Water Department
Douglas, AZ 85607
Attn: George Nalley

Dear George:

Enclosed is a copy of the results on the test we conducted on
Well No. 9, May 18, 1977, under normal conditions. If you can
recall and I doubt without any problem the normal conditions
did not last too long.

I have made a list of items that need your immediate attention
or repairs:

1. Reset the timer on the starter so that when energized the
motor will run in start for no more than three seconds.

s 2. Contact A.P.S. and have them correcf the high voltage
problem. A1l three legs read out at 495 Volts when the
pump is in operation.

3. Install voltage meter in panel (to be installed by Gilbert
Pump) .

L, Realign pump with discharge piping and provide means to
secure discharge head to the pump foundation. (This wor
to be performed by Gilbert Pump after rece1v1ng author-
ization from the City of Douglas)

5. Examine all discharge piping for possible cracks or flange
leakage due to the stress on the line during the mal-
function of the system.

If you have questions or if you have anything further to add to
the above please don't hesitate to call me.

Sincerely,
GILB PUNP OF TUCSON, INC.

.
W

Al Ciasca

cc: R.L. Sears Sales Engineer
encl.



GILBERT PUMP & EQUIPMENT C._.

PUMP TEST »
Tested By:Q.Q \Q=an : ~
Date: =\ /77 ,>*~ ?[é‘ 4
, 7
‘ - Power
OWNERQ\\'L—l\ oébo._,ggau\§ Well #: q Meter#:qziﬁ ;\D _
LOCATION: ‘
ASSEMBLED INFORMATION
Lopm=e | |
FLOW METERS3P=Q\O\L\S3v<, PIPE I.D.: GPM: \ 2. o> '
METER kH: Q\.RQ C.T. MULT.: <R 10 REV. INDD.S SEC.
PUT&PI_%(::& LEVEL: =04 FT. STATIC LEVEL & > FT.
EXT. HD. OF Z\WKX FT. DRAW DOWN ey FT.
TOTAL PUMP HD. \KRVR' FT. GAL/FT. D.D. \ 1.4 GAL,

FRICT. LOSS OF uQ' pr, AMPS 2.2 = Z\R 2\
TOTAL BOWL HEAD SS2X ] FT. vorrs HAS LA Qs
PUMP SETTING _252' Fr.  coL. sizes \(O'x2'\% X \'U |

chut}&
BOWLS:Q—§IQ§£ \2. sSHveaQ COL. SIZES

PUMP RPM X Y MOTOR HP =2

CALCULATIONS

ki AR xmmr. RO x 36 £ sEC. RDS, 10 REVS = KNI WSS
KWI WSS x 1,34 = IHP 22\ x .92 = BHP __Z2OO Y

GPM \"Z. 00> 29226 = =R\ ACRE FT./24 HRS. “‘lb%

GPM \Z.OO0 x TPH* S\RVD  + 3960 + 1HP 22\.R = 0.A.EFF. %

OVERALL EFF. (0.A. EFF) 1O.Q + .92 = PUMP EFF. 1 1 %
POWER COST

KWI x RATE/HR. x 24 = COST/24 HR.

24 HR. COST + AC/FT/24 HR. = COST/ACRE FT.

REMARKS :

GP 07-2m-2-7%

R, A e
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CITY OF DOUGLAS
WATER AND SEWER DEPARTMENT
WATER REVENUE ANALYSIS

\  FOR THE FISCAL YEAR ENDED JUNE 30, 1977

Average
Revenue
Meters Per M Monthly
in Gallons Meter Gallons Gallons
Service Sold Charges Sold Pumped
1976 - July 4210 $.4457 $ 40,460 90,786,300 117,515,200
August 4214 .4375 37,598 85,943,800 121,178,60C
September 4217 L4424 35,054 79,235,900 102,950,200
October 4221 .5176 29,084 56,187,400 80,577,500
November 4223 .6021 26,384 43,818,000 63,097,400
December 4215 .6116 27,455 44,887,500 63,192,800
1977 - January 4233 .6210 26,315 42,378,600 51,331,000
February 4235 .6453 26,632 41,271,900 55,911,100
March 4240 .5170 30,121 58,260,000 73,479,500
April 4236 .5406 30,490 56,399,200 83,012,800
May 4252 .6538 43,608 66,699,800 89,921,600
June 4247 .6556 55,833 85,157,200 125,017,000
F.Y.E. 6/30/77 4247 $.5446  $409,034 751,025,600 1,027,184,700~
F.Y.E. 6/30/76 4203 .4786 393,943 823,129,900 1,104,096,000
6/30/75 4139 .4834 377,415 780,766,500 1,007,983,200
5/31/74 4038 .4901 407,645 831,810,500 1,168,354,100
5/31/13 3970 .5241 362,213 691,159,700 899,421,900
- 5/31/72 3871 L4274 326,766 764,521,300 969,755,500
NOTE: Above figures do not include water used by
and charged to the City of Douglas as follows:
F.Y.E 6/30/77 $81,778 168,455,600
F.Y.E 6/30/76 71,637 170,275,900
F.Y.E 6/30/75 48,710 73,217,700
FY.E 5/31/74 57,308 152,057,800
F.1.E 5/31/73 45,525 104,227,600
F.YsE 5/31/72 36,302 100,225,400
| §./{/N P
//_/ / (‘, 4 J,/ v ) /
V/ /
;ﬁ' v

=3} =

Gallonage
Not

Metered

26,728,900
35,234,800
23,714,300
24,390,100
19,279,400
18,305,300

8,952,400
14,639,200
15,219,500
26,613,600
23,221,800

276,159,100

208,966,100
227,216,300
336,543,600
208,262,200
205,234,200




CITY OF DOUGLAS _WATER & SEWER

425 10th ) DRAWER 1198
DOUGLAS, “ARIZONA 85607
PHONE 364-8446

Heinricks. Geoexploration.Co

DEPT. o | MEM-0-GRAM_

C—{ [] URGENT — REPLY IMMEDIATELY
[J NO REPLY REQUIRED

Box 5964

paTE: Sept.29, 1978

SUBJECT:

Tucson, AZ 85703

MESSAGE

FOLD

Mr. Heinricks:

Enclosed are copies we secured from Phelps Dodge Corp.

The copies attached to this note must be returned to us.

George D.7Na11ey

Ty S el

|FoLp

SlG7

==

RECIPIENT - RETAIN WHITE COPY - RETURN PINK COPY - TO MAIL IN WINDOW ENVELOPE - USE FOLD MARKé

ALOHA FORM 00~-873~1

-

4

L)



CITY-QF DOUGLAS
, WH ) DEPT.
| A25 - 10th ST. .
DOUGLAS, AZ. 85607 : .;:;; f}

WELL ABANDONED . AT 15TH ST. & VAN BUREN e s
MARCH, 1975 p
_ LN State ID D924-28)17baz e
Driller: Earl Lohn, Jr. 31325 } , )

Location: 15th St. & Van Buren - NE %, NE%, NW %4, §
Section 17, Twp. 24 South, Rge 28E |

( _LOG C | - C
, ; : ,
0= 2 Top Soil /- '
2 - 6 Caliche ‘ - A
6 - 13 Sandy Clay - Brown , 2L5. 7
13 - 18 Sand fu A L
18 - 47 Clay - Brown ;
47 - 55 Gravel
55 - 63 Sandy Clay & Gravel - Borwn
63 = 83  Gravel & Boulders
l 83 - 99  Malapai - Black
99 - 105 Hard Malapai -. Black
105 - 109 Malapai - Black
109 - 115 Hard Malapai - Black
: 115 - 117 Malapai - Black
92[, 117 - 120 Very Hard Malapai - Black
‘77 120 - 122 Very Very Hard Malapai - Black ' |
IAWF 122 - 3125 Extremely Hard Malapai - Black ' : |
125 - 126 Very Hard Malapai - Black ::> . |
126 - 130 Malapai - Grey
130 - 145  Malapai - Brownm M
145 - 174 Malapai - Brown it
174 - 210 Conglomerate - Brown ' ) |
\L 210 - 230 Conglomerate — Brown (Possible Decomposed.
e : Malapai)fz
230 - 245 Clay with Gravel - Brownish
245 - 258 Sandy Clay - Brown
258 - 265 Sandy Clay with Gravel - Brown 7
265 =. 275 Gravel & Clay ;
275 - 285 Decomposed Rock - Water at 275' é———"///dé |
285 - 300 Decomposed Rock with some Clay |
300 - 334 Decomposed rock with some clay - Brown ! ;
334 - 344 Decomposed rock - Brown j . :
( 344 - 351 Hard Decomposed rock - Brown | v
" 351 - 372 Hard Cemented Conglomerate - Brown T ‘ ol
372 - 378 Clay with Boulders - Brown i i 3
378 - 384  Boulder & Clay - Brown . : . :
384 - 394 Hard Cemented C onglomerate - Brown | , -
394 - 397 Very Hard cemented conglomerate -~ Brown ‘
397 - 443 Hard cemented conglomerate - Brown
443 - 445 Very Hard cemented conglomerate - Brown
Water provisionally accepted for public usage. ¢y
Not tested. ~— Casing salvaged.
- 0 =~ U1 idC
W S Tt :
{274 /ym . &



LN ‘_7" 5’ .
Well Abandoned at 23th St. and Washington
November, 1975 State ID D(24-28)7 ada

33145

DRILLER: Earl Lohn, Jr.

Location: 25th St. & Washington NE %, SE %, NE 4,
Twp. 24 South, Rge. 28 East Section 7
Block 24 - Lots 13 and 14 Overlock Addition

LOG
A i o 7E et
0o - 2 Top Soil : et at S 5es
2. =~ 7 Caliche & Boulders
7 - 22 S T - -
22 - 30 Sandy Clay - Brown s :
30 - 80 Sandy Clay with some gravel - ‘brown -
80 - 100 Gravel with some clay = brown
100 - 103 _ Gravel.
103 - 115 Malapai - Black
-115 - 120 Hard Malapai - Black
120 - 125 Malapai - Black
125 - 127 Very Hard Malapai - Black
127 - 131 Hard Malapai - Black " /
131 - 138 Malapai - Black /ggz 0
138 - 146 Malapai - Dark Brown 7'4 ,er /{
146 - 160 Malapai - Brown -
160 - 175 Malapai - Black
175 - 178 Very Hard Malapai - Black

over

. 178 - 196 Malapai - Brown
196 - 200 Very Hard Malapai - Black
200 - 205 Malapai - Black
\ 205 - 220 Malapai - Grey
} 220 - 235 Very Hard Malapai - Black
i 235 - 247 Malapai - Brown
247 - 249 Extremely hard malapai with some
quartz - First water - small amount ===
249 - 252 Hard malapai - Black
=953 -~ 256 Gravel (water) - Brown —
256 - 259 Gravel - Brown ' |
259 - 271 Clay with gravel - Brown :
271 - 283 Conglomerate — Brown
283 - 291 Hard Conglomerate - Greenlsh—gray
291 - 294 Conglomerate - Brown |
294 - 300 Hard Conglomerate - Grey |
300 - 335 Very Hard Conglomerate - Gray /
335 - 338 Conglomerate - Gray /Aé /g ”4'4 33?
338 - 349 Very Hard Conglomerate - Gray '~



LOG

349
361
404
407
416
502
504
564

361
404
407
416
502
504
564
584

24"
18"

Hard Conglomerate - Gray
Very Hard Rock - Gray

Very Hard Rock - Gray ,
Broken Hard Rock - Gra (
Very Hard Rock - Gray

Broken Rock - Brownish
Broken rock with some soft areas = brown
Broken rock with hard streak at 570

o2 & appn 50"t
Hole to 150"— /!/o%;{ 5‘9“#—('93')

" to 339" 4

6 5/8" casing installed - 346'10" —

6" pilot hole from 349 to 584 /

)

/

‘ PUADN // R |
W feoo — 1500 12 i T
j / \




TY OF DOUGLAS
( Z’ER DEPT.

%25 - 10th ST.
DOUGLAS, AZ. 85607 s
. & S \
WELL ABANDONED IN BLOCK 28 - OVERLOCK
! MARCH, 1976
@ |
Driller : Earl Lohn, Jr. - Bernard Drilling Co. ‘
Location: Block 28 - ;
( LOG i
0o - 3 Top Soil -3 fre o gl
3 - 10 Sandy Clay - Brown o ~¥—¥f;,;‘
10 - 40 Gravel & Boulders - Brown Ja o TEE
40 - 48 Sandy Clay - Brown
48 - 57  Gravel
57 - 77 Sand - Gravel in Clay - Brown
77 - 95 Sandy Clay
95 - 103 Sand:
103 - 188 Sand, Gravel, Small Boulders in Clay-Brown
188 - 195 Sand - Gravel ]
195 - 208 Sand - Gravel with alapai) | =
4 208 - 222 Malapai - Black - First Water 222 FT. C?F;’GE
y 222 - 224 Hard Malapai - Black
53 224 - 233 Malapai - Black
( 33 - 260 Malapai

Hole Crooked
/""‘ﬁu)




QUESTIONS:

1. Relative to the pump tests data from wells #1 & #2 and wells #3 and #9,
these respective well pairs locations are about (?) 500' apart according
to the maps. Data suggests in 1977 and 1978, that #3 pump may have been pump-
ing when #9 well was tested. Obviously, because of close proximity the draw-
down cones of depression may overlap each other when these wells are simultan-
eously in production. Approximate similarities are indicated at wells #1 & 2.

Is this a possible explanation or are there other aspects involved?

2, Is the Nu Way Laundry well still being pumped and if so at what rate and

from what depth?
3. Well 5 1974-1978 Static level +17.3 feet - why?

4, Exact location of abandoned wel;/gﬁ, and are there any other dry or

abandoned locations and data?

5. Regarding abandoned wells 9A, 9B, 9C, were none of these pump tested and,
except for 9C which couldn't be straightened and was apparently too crooked,

why not?

6. S.E. Douglas area mentioned as a preferable location if geohydrologically

feasible - why is this area preferable?



PRELIMINARY GEO-HYDROLOGICAL ANALYSIS

For

THE CITY OF DOUGLAS, ARIZONA

Sept. - Oct. 1978

by

Heinrichs GECEXploration Company
P.0. Box 5964 Tucson, AZ 85703

GEOEX #1295



Preliminary Geo-hydrological Analysis

Introduction

Pursuant to correspondence initiated by Mr. George D. Nalley, Superin-
tendent of the Douglas Water and Sewer Department on 17 July 1978, GEOEX, on
18 September 1978, was engaged to conduct a brief preliminary hydrological
survey for the City. Objective of the survey was to assist in the siting of
a proposed new water well under consideration for the purpose of augmenting,
in the most efficient manner feasible, the present nine-well-system. Data
and technical records requested by GEOEX on 19 September, 1978, were recefved
on 22 September 1978. These, together with material already on hand and other
pertinent locally acquired information, were studied with results as summar-

fzed in this preliminary report.

Conclusions and Recommendations:

1. United States Geological Survey (U.S.G.S.) Trip Report of 18 February

1977, copy of which was supplied by the City, tentatively recommended an area
(1), proposed to be located near the middle of Section 12, T.24S., R.27E.

This is concurred to be a satisfactory primary new well site.

2. Alternatively, anywhere roughly near or within a pie-shaped wedge area
bordered approximately on the south by 22nd Street and Merrit Avenue in Pirtle-
ville, and on the east by A Avenue and Leslie Canyon Road, is considered
equally satisfactory except for perhaps distribution and rights of way consid-
erations which are not necessarily part of this immediate study.

3. U.S.G.5. proposed areas numbers (3) and (4), are not recommended from the

most preferable geologic point of view as suggested by present data on hand.



Based on the city records provided, and although there is some exception and

variation indicated, there seems to be a definite general quantity decrease

of well yields in an easterly direction away from White Water Draw. Therefore,

on that basis alone, 1t appears genefally desirable at this point to keep

closer to White Water Draw, Possible exceptions to this generalization include

a8 question of why well 6 is a relatively better producer and why wel 'lé 4 & fz,
;4§§§;p relatively pooker. Concfligvably, the basalt and the pre-basalt topo-

graphy and relc;ed shallow formations, may be at least partially responsible.

If it becomes necessary and important to further pursue these particular types

of discrepancies, surface geophysical work, such as electrical resistivity,

may warrant testing and could be helpful if tests' results proved favorable,
4. 1If rights of way and distributfon factors outweigh maximum added quantity

considerations, then U.S.6.S. area (2) should also be satisfactory and, in

some respects may almost equal thefr area (1). Indicated possible exceptions

to this are the proposed site's proximity to poorer well site 4 and {ts indic-

ated more adverse subsurface conditions, possible interference with well 7,

and probably interference with Nu Way Laundry's well 1f it is still producing

and, {f so, 1f that should be a necessary factor to consider.

5. Existence of "several other test wells" is mentfoned in the U.S.6.S. Trip
‘Report of February 1977, Although these are reportedly negative in terms of

quantity results, the data still should be integrated with the results of this

study because such information could change the conclusions and recommendations

herein considerably.

6. Long range implications of an anticipated continued increasing rate of

ground water level decline and consumptive uses should be kept in mind, both as



to quantity and quality. Ideally,a replenishable surface water system,
combined with conservation measures and balanced ground water recharge and
withdrawal arwzangements should be the ultimate objective of all responsible
municipalities. Although beyond the scope of this particular studg, prob-
lems and possibilities along such lines should be investigated and imple-
mented as rapidly as ways and means will allow.

Observations and Speculation:

1. At present the &il‘nst static water table measurement is at an elevation
of about 3790 feet near White Water Draw at well #1. This is at about 130
feet below surface. Three and one quarter miles eastward, at Well 8, present
static water elevation measures just above the 3800 foot elevation. This rep-
resents a rise in static water table elevation of roughly 3 feet per mile from
White Water Draw toward the east as far as Well site #6.

2. Top of basalt at Well 4 is 40 feet deeper than at well 5, with a total
thickness of 55 feet at well 4 and 58 feet at well 5, This s indicative of a
possible small northerly dipping component to the basalt layer and perhaps a
somewhat southeasterly source, conceivably, even fairly close by. However, as
indicated in U.S.6.S. Trip Report of 18 February 1977, specific significance
of the basalt relative to local ground water supplies, if any,is relatively
undetermined.

3. Basalt thickness varies from 50 feet at Well 7 to 117 feet at Well 3. It
outcrops about 2000' south of Well 8 and roughly 2000 feet southeast of wells
3 and 9. Average locally measured down-slope components on the top of the
‘basalt, are roughly 200 feet per mile in a westerly direction and about 50 feet
per mile in a northerly direction. However, in the vicinity of wells 3, 8 and



9, the slopes on top and bottom of the basalt seem to vary, at least locally,
and the basalt roughly doubles in average thickness from about 54 feet in the
wells toward the west to over 100 feet in these three wells, and 86 feet at
Well 6 about one mile away toward the northwest.

Latest (most recent) (1977-1978 Pump Testing Results:

Year Well # (Re;:::ve) T§::¥(é:::eggwn GPM g:ls§§:: gl:;Y;::: :slgﬁzggnal
1978 1 1 (4'5") 4.42 1000 226.24 B
1978 2 2 (12'9* 12.75 1000 78.43 -
(1977) 3 7 (30') 30.00 735 24,50 -
1978 4 9 (70'4") 70.33 800 11.37 -
1978 5 4 (20'10") 20.83 1100 52.80 -
1978 6 3 (20'1") 20.08 175 58,52 .
1978 7 5 (27') 27.00 1250 46.30 +
1978 8 8 (58') 58.00 800 13.79 -
1978 9 6 (26') 26.00 170 45.00 +
First, (Original) or Oldest Pump Testing Records on Hand:

1968 1 1 (6'4") 6,33 1100 173.78

1968 2 2 (13'8*) 13.67 1230 89.98

1974 3 5 (18') 18.00 520 28.89

1968 4 7 (47'2%) 47.%7 900 19.08

1968 5 3 (13'3") 13.25 TR | T

1968 6 4 (27') 27.00 1350 50.00

197 7 6 (73') 73.00 1718 23,53

1974 8 8 (68') 68.00 1250 18.38

1976 9 9  (90) 90.00 1500 16.67

&



9, the slopes on top and bottom of the basalt seem to vary, at least locally,
and the basalt roughly doubles in average thickness from about 54 feet in the
wells toward the west to over 100 feet in these three wells, and 86 feet at
Well 6 about one mile away toward the northwest.

Latest (most recent) (1977-1978) Pump Testing Results:

¢ ”””“*é

Year  Well # @ Rank etive ) reetgx‘;rém “‘”Z Ao Do LanmJ’
1978 1 14 (4’ = 4> 1000 —4749——226.2?-\
1978 2 2% (12 q«l}r 2275 1000 5 77.93
(1977) 3 7»7“ (Ze ‘A86-Foo0 1% —2:67 24.§o| -
1978 4 (70«4_’2)sr 70,35 800 LBy, 37 =
1978 5 4 5 (032083 100 45652, Go | —
1978 6 S (Zon1"p5e9520.08 TS 46559 52| +
1978 7 s5 (27 hws, 2200 1260 444 30 | +
1978 8 g9 (53 'Bie-5%.00 800 b2 13.79 | —
1978 9 (;2@'}%«»r 26,00 170 43645, 00 [' +

First, (Original) or Oldest Pump Testing Records on Hand: |

1966 t a4 (damaic e e 0:36— /73, 7€ |
1968 2 22 (13202671367 1230 .98 29,9€ |
1974 3 Sa (13 )35 /8,00 520 -2:23—2%€.21
1968 4 7 3 (47»2439.,5;47/7 300 —3:92 /9. 09
1968 . 2,48 (3-8 /355 95g ~4:66— 7/, 70
46k 6 44 27 2% 2700 . 635D 00
19N 7 6y 73 185 HFoo e 271 2353
1974 8 B8  (f 320~ (Geo 1250 ~390—/g 32 |
1976 8 95  9p s Go.co 1500 T8 /6,6F |
o g



Very likely, the city has its own well ratings and these should be com- )
pared with the preceding two tables.

Relative to the pump tests data from wells #1 and #2 and wells #3 and #9,
these respective well pairs locations are about (?) 500' apart according to
the maps, Data suggests in 1977 and 1978, that #3 pump may have been pumping
when #9 well was tested. Obviously, because of close proximity the draw-down
cones of depression may overlap each other when these wells are simultaneously
in production, Approximate similarities are indicated at wells #1 & #2. Is
this a possible explanation or are there other aspects involved?

Is the Nu Way Laundry well still being pumped and 1f so at what rate and
from what depth?

Static Water Level Statistics

Well Numbers 1974-1978 Average 1974-197¢8 (1977-1978)
Year Average
Skl -7.0 feet 1.75 ft./yr. -6.125 ft/Avg,
3,436 -17.5 * TR S -60 "
5 +17.3 " (2) +4.33 " (?) 38
7 -11.0 * W 0  °
8 -80 " -2.00 * -6.0 "
9 (1976-1978) -31.0 * J.98 No "

Question regarding the 17.3 foot rise in static water level at well 5 over
the 1974-1978 period should be raised and explained if possible.

Present average annual rate of lowering of the water table appears to be
something around 1.5 to a 1ittle over two feet pér year in the area immediately

around Douglas., This s compared to estimates of something from three feet to



over 3,5 feet per year in the {rrigeted farming areas of Mcleal and Elfrida to
the north,

Well records over the years are often not perfectly consistent and there-
fore there may tend to be some questions regarding trying to make completely
absolute determinations from them. These apparent inconsistencies are probably

-partly caused by periodic variations in rainfall and runoff in relation to the
particular times the records were taken. Mechanical and chemical changes in
the wells, pumps and casing for a variety of reasons can have effect., Also, an
occasfonal measurement, technique or recording error will occur. Otherwise,
the records provided by the city suffice quite nicedy for the important

fundamental and relative considerations made in this report.

Respectfully submitted,

WEH:mt

Discussion Sketches:
1. Schematic Plan, 1" = 2000' scale.
2. Projected Schematic Section (-N75° E., from near Wells 1 & 2 to

near Well 8.)

GEOEX #1295

2 October 1978

Box 5964

Tucson, AZ 85703

(602) 623-0578
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9, the slopes on top and bottom of the basalt seem to vary, at least locally,
and the basalt roughly doubles in average thickness from about 54 feet in the
wells toward the west to over 100 feet in these three wells, and 86 feet at

Well 6 about one mile away toward the northwest.

Latest (most recent) (1977-1978) Pump Testing Results:

(Relative) Gals. Yield
Year Well # Rank Feet Draw Down GPM Per Foot Draw Down
1978 1 2 133.67 1000 7.48
1978 2 1 132. 1000 7.58
(1977) 3 7 256. 735 2.87
1978 8 295. 800 2.71
1978 5 5 241.3 1100 4.56
1978 6 4 252.75 1175 4.65
1978 7 3 195. 1250 6.41
1978 8 9 318. 800 2.52
1978 9 6 281. 1170 4.16
First, (Original) or Oldest Pump Testing Records on Hand:
1968 1 3 106.3 1100 10.35
1968 2 2 102.67 1230 11.98
1974 3 9 233.5 520 2.23
1968 4 7 229.67 900 3.92
1968 5 6 204. 950 4.66
1964 6 4 221. 1400 6.33
1971 7 1 134.5 1718 12.77
1974 8 8 320. 1250 3.90
1976 9 . 314. 1500 4.78

HEINRICHS GEOEXPLORATION COMPANTY
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