CONTACT INFORMATION
Mining Records Curator
Arizona Geological Survey
3550 N. Central Ave, 2nd floor
Phoenix, AZ, 85012
602-771-1601

http:/ /www.azgs.az.gov
inquiries@azgs.az.gov

The following file is part of the Walter E. Heinrichs, Jr. Mining Collection
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.


http://maps.google.com/maps/place?q=Arizona+Geological+Survey&cid=17499330617712548165
http://maps.google.com/maps/place?q=Arizona+Geological+Survey&cid=17499330617712548165

¥ b BF

LAW OFFICES
OF

wiLson, COMPTON, £GAN & LINCOLN

ORINN C. COMPTON 203 N. SAN FRANCISCO, P. O. BOX 550 TELEPHONE 774-2755
CHAS. B. WILSON, JR. FLRGSTR‘FF, ARIZONA 86001 AREA CODE 802
WILLIAM M. EGAN

KENNETH J. LINCOLN 15th July 1970

Paul A. Head, Geophysicist
Heinrichs Geoexploration Company
P, ®, Box 5671

Tucson, Arizona 85703

Re: Black Bill & Doney Park Water Users Association
Job No. 403-69

Dear Mr, Head:

It has come to my attention that the report provided
by your company to my client, the Black Bill & Doney Park
Water Users Association and upon which we relied in having
a driller bore test holes in a search for additional water
sources was based upon g;;ggggu§wggmpq;atiqns.

It is my client's belief that the computations as
provided failed to account for the presence near the test
site of two major gas transmission pipelines. 1In consulting
with our engineer, Mr, William Ramsey, of Phoenix, he has
indicated that the failure to properly include within the
calculations an allowance for the presence of these large

metal pipelines would distort the final resort of your
testing.

It is to be further understood that we hereby make
claim against you and your errors and omissions policy for
the amount which we paid for this report, as well as the
amount which we expended for test drilling.

I suggest that you have an adjuster for your errors
and omissions policy contact me immediately as to the
total figures and handling of this claim. The expenditure
for this report from your company was $1,684.72 and
the amount of $6,000.00 was expended for drilling the test
holes in reliance upon what now appears to be erroneous
information provided by your company in the report. If




Paul A. Head, Geophysicist
July 15, 1970
Page 2

no response to this claim is forthcoming within fourteen
(14) days, it will be necessary that we proceed with
litigation to recover the amounts which we expended in
reliance upon your report,

Very truly yours,

WILSON, COMPTON, EGAN & LINCOLN

K€nneth J. Tincdln

KJL:bjg

Copy to: Wm. A, Ramsey



WM. A. RAMSEY

CONSULTING ENGINEER
1222 East Missouri Ave, Telephone:
Phoenix, Arizona 85014 274-6017

2l January 1970

W
Mr. Grover Hsinrichs
Heinrichs Geoexploration Company §
BOX 5671 TUCSON, ARIZONA 85703
P. 0. Box 5671 0
Tucson, Arizona 85703 Phone: (AREA 602) 623-0578

Dear Grover:

As per our telephone conversation today I am enclosing
copies of the driller's logs on the four test holes which
we drilled in Section 18, Township 22 N, Range 8 E,
adgacent to your geophysical survey of the early part of
1969.

I am also enclosing a copy of your location map which
shows the approximate location of the drill holes marked
in red. As you will note, they are not exactly as you
had recommended but in very close proximity. e

I would appreciate it if you and Paul Head would review
this information for a day or so and be in a position to
discuss it further and see if we might draw some additional
conclusions.

I will be in touch with you Wednesday afternoon relative
to this.

Very truly yours,

7%

William A. Ramsey, P. E.

Enclosures
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Purpose and cooperation

Doney and Black Bill Parks, near Flagstaff,
Ariz., are inhabited by a number of families whose
domestic water supply is derived almost entirely from
precipitation caught on the roofs of farm buildings and
stored in cisterns. During dry months in a year of
rnormal precipitation, and throughout much longer
periods in years of subnormal precipitation, the res-
idents of the area haul water from Flagstaif.

" In 1950 only one of the wells in the area yielded
water, Officers of the Doney Park Farm Bureau and
of the San Francisco Peaks Soil Gonservation District
requested that investigation be made in the area to
determine whether it would be possible to develop
additional domestic water supplies from wells.

The Ground Water Branch of the U. S. Geological
Survey, in cooperation with the Arizona State Land
Deparument, made a reconnaissance iavestigation in
the fall of 1850 and the spring of 19561, Field work
was under the direction of 5. F'. Turner, district

of the area was mapped by J. H, Feth, who was
assisted for part of the time by L. R. Moore; the
geophysical investigation was made by C. B. Yost, Jr.,
and J. P. Mooseau, Jr. Residents of the area con-
tributed assistance during the geophysical work and
furnished information regarding old wells in the area.

Location

Doney and Black Bill Parks are unforested
areas east of the San Francisco Mountains and Elden
Mountain on the San Francisco Plateau subdivision of
the Colorado Plateaus., The area mapped comprises
about 125 square miles. It is bounded on the south
by Walnut Canyon, on the west by Elden Mountain and
the San Francisco Mountains, on the north by the
topographic divide between Black Bill Park and
Deadman Flat, and on the east by an irregular range
of cinder hills including Sunset Crater and O'Neill
Crater (New Caves Hill).

Flagstaff, the county seat of Coconino County,
Ariz., is about 16 miles southwest of the center of
the area mapped, U. S, Highway 66 and the main line
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of the Atchlson, Topeka and Santa Fe Railway cross
the southern part of the area. U. S. Highway 89
exienis norih from Flagstaff through the western part
oi the area, County, Federal, and private roads
provide access to all parts of the area.

Climate

or more than 50 years. These records

mean annual temperature at Flagstaif is
F. The mean temperature during December

January is about 20° F. and during July and August,

T
©

§5° F. The mean annual precipitation is about
ches, much of which occurs as snowfall. The
{tude of Flagstaff is 8, 900 feet above sea level.

arm lands in Doney and Black Biil Parks lie
8, £00 to 7,000 feet above sea level. The average
growing season at Flagstaff is about 125 days a
year; this would be about the average for Doney and
Blacx Bill Parks.

Agriculture and industry

The dry-land raising of pinto beans and small
¢rains is the principal industry in the area considered
in this report. Lack of water prevents development
of any appreciable livestock industry aithough small
herds of beef cattle are raised in a few localities
where suriace water is stored in earth tanks, and
where range conditions permit.

Logging operations are carried on intermittently
in forested areas, principally on the flanks of Elden
Mountain and the San Francisco Mountains, and a
small sawmiil was in operation in Black Bill Park
during 1850-61.

Previous investigations

The most comprehensive previous geologic
investigation of the Black Bill-Doney Park area is
reporied by Robinson (1913). * None of the papers cited
in thisreport have dealt specifically with the geology
in relation to the occurrence of ground water. Itis
velieved that the present report is the first to attempt
an analysis of ground-water conditions in the parks,

Maps and field work

About 4 man-months was spent in the field
during the investigation, a little more than 75 percent
of the time being devoted to geologic mapping and to
compiling and analyzing data on springs and wells.

Geclogic mapping was done on contact prints of
aerial photographs made originally for the U, S,
Forest Sarvice. Data so recorded were transferred
incontrolled aerial mosaic. Land lines were
taken from a U. 'S. Forest Service topographic map
and adjusted to section corners recovered in the field.
The resulting geclogic map appears as plate 1 in this
report.
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Geopuysical probes were made with electrical~
resistivity apparatus. The results are discussed in
the section on geophysics (p. 6),

Paee o for Liat of literature cied.

LAND FORMS

Three types of land forms predominate in the
Doney-Black Bill Parks area, The San Francisco
Mountains, composed of numerous volcanic peaks,
dominate the lands'cape, Elden Mountain, an outlier
of the volcanic mass, is an important unit on the
southwest boundary of the area. Although of volcanic
origin, Elden Mountain has been described (Robinson, .
1913, pp. 74-84) as a laccolith rather than a volcanic
cone, The interpretation of Elden Mountain as a
laccolith was based upon the presence of about 2,000
feet of sedimentary strata on the east flank of the
mountain, dipping east at angles as much as 50° from
the horizontal, and on about 700 feet of sedimentary
rocks on the north flank of the mountain, dipping
north about 12°. The summit of Elden Mountain is
9, 280 feet above sea level, or about 2, 500 feet higher
than Doney Park. The summits of six of the
San Francisco peaks exceed 11,000 feet in altitude.

Numerous cinder cones rise about 100 feet to
1,000 feet above the general level of the country in
and adjacent to Doney and Black Bill Parks. Most of
these cinder cones have been colored red by oxidation
of the originally black cinders. Locally, parts of the
cones consist of black or gray basalt ("malpais").
The northeast and east boundaries of the area consist
in large part of cinder cones and cinder ridges.

The cultivated parts of Doney and Black Bill -
Parks are gently rolling unforested areas among the
cinder cones. Doney Park is about 3 miles by 4
miles at its maximum, and Black Bill Park is about
2% miles by 4 miles. Alluvial fans extend eastward
from the foot of the mountains to the parks, forming
long smooth thinly forested slopes.

In tne southern part of the area the presence at
or near the surface of horizontal limestone and sand-
stone strata has led to development of a topography
characterized by approximately parallel ridges
‘separatedby shallow swales. Walnut Canyon, a gorge
cut in the limestone and sandstone beds, is the
southern limit of the area.

GEOLOGY AND ITS RELATION TO
GROUND WATER

The following paragraphs give in brief what is
known about the various rock formations identified
in Doney and Black Bill Parks with respect to their
geologic age, rock types, and water-bearing proper-
ties. The rock units are discussed in order of age,
the oldest being presented first.

Rock units
Sedimentary rocks

Devonian, --Sandy limestone and limy sandstone
of Devonian age crop out on the east side of Elden
Mountain and are the oldest rocks exposed in the area
mapped. The limy sandstones grade upward into
quartzitic sandstone, The aggregate thickness of
Devenian strata is about,125 feet (Brady, 1934, p. 10),
These rocks are not known to be water bearing in
Doney and Black Bill Parks,
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Carbonifercus

‘usissippian). --About 200 feet
of the Reawall limestone of Mississippian age overlies
the Devorian rocks (Gutschick, R. C. , personal
communication, November 1950). The Mississippian
strata consist in large part of beds of coarsely crystal-
line limestone containing many poorly preserved
mazrine fossils. Shaly sarndsiones and mudstones are
locally interbedded. The Redwall limestone is not
knowrn to be water bearing in the area.

Carboniferous (Pennsylvanian) and Per !
Rocks assignea to the Supai jormation are about
feet thick (Brady, 1934, p. 10) on the cast slopes of
Elden Mountain, This formation was considered of
Pennsylvanian age by Robinson (1913, p. 23). Other
investigators have assigned a large part of the Supai
formation to the Permian period. Current practice
is to consider most of the Supai formation as
Permian but to assign some of the lower strata to the
Pennsylvanian,

The Supai formation consists mostly of fine-
grained sandstone .and siltstone. Red is the predomi=
nant color. Thin beds of the limestone also cceur in
the sequence.

About 12 miles west of Flagstaif a well at the
Navajo Ordinance Depot obtains water from beds of
the Supai formation 1, 300 feet below the surface. A
spring {lowing a few gallons per minute emerges from
beds of the Supai formation in sec. 31, T. 2 N., R.
8 E., west of the south end of Doney Park.

The Coconino sandstone overlies the Supai forma-
tion on the slopes of Elden Mountain. Brady (1934,
p. 10) states that these sandstone beds are about 600
feet thick. Part of the stratigraphic thickness thought
to be occupied by the Coconino sandstone at the foot of
Elden Mountain is masked at the surface by an over-
wash of sand and soil from higher siopes. In typical
exposures, as in Oak Creek Canyon 15 miles south
of Fiagstaff, a prominent characteristic of the forma-
tion is its large-scale cross bedding.

At various points 50 to 100 miles east of
Flagstaff the Coconine sandstone is known to be a
gcod aquifer. In the deep well at the Depot, the
Coconino sandstone lies above the water table and does
not yield water to the well. In Doney and Black Bill
Parks its water-bearing properties have not been
tested. There is an intermittent seep, which was dry
when visited, insec. 30, T. 22N., R. 8 E., ator
near the contact between the Coconino and Supai
formations.

McKee (1938, pp. 12-27) proposed the name
Torcoweap formation for a series of beds overlying
the Coconino sandstone and underlying the Kaibab
limestone in Grand Canyon and elsewhere on the
Colorado Plateaus. In Walnut Canyon, beds assigned
to the Toroweap formation (McKee, 1938, p. 26) show
large-scale cross bedding normally considered typical
of the Coconino sandstone. In this report, the Toroweap
formation of McKee, if present, is included with the
Coconino sandstone,

The Kaibab limestone in the region of the
Colorado Plateaus consists of alternating strata of
limestone, sandy limestone, sandstone, and locally
shaly sandstone and siltstone. In the Flagstalf area

Ui v

the Kaibab limestone is generally sandier than in the
Grand Canyon, where the term was first applied. The
deep well at the Depot penetrated 525 feet of strata
assigned to the Kaibab limestone. Brady (1934, p. 10)
recognized 300 feet of beds on the east side of Elden
Mountain as Kaibab.

So far as is known, the Kaibab limestone is not
water bearing in the area around Flagstaff. The
formation is fractured in most places where exposed,
and solution of the limestone and lime-cemented
sandstone has created channels and sinkholes that
readily conduct water downward. The Bottomless
Pits in sec. 17, T. 21N., R. 8 E., are an example
of sinkhole development in thoroughly jointed Kaibab
strata,

Triassic. --Red sandstone and siltstone of the
Triassic Moenkopi formation are prominent on hills
between Flagstaff and Doney Park. Outcrops of
Moenkopi strata are present in the southern part of -
the area but are too small to be shown on plate 1,

According to Price, % the Moenkopi formation on
the rim of Sycamore Canyon, about 15 miles southwest
of Flagstaff, averages about 250 feet in thickness and
attains a maximum thickness of 370 feet. In Doney
and Black Bill Parks, exposures of the Moenkopi
formation consist only of a basal conglomerate a foot
or a few feet thick, or of the conglomerate and less
than 10 feet of overlying sandstone and siltstone. No
wells or springs in Doney and Black Bill Parks are
known to derive water from the Moenkopi formation.

Quaternary. --Quaternary deposits, mostly of
sedimentary origin, occur in both parks--in Doney
Park in thicknesses up to about 300 feet. The logs of
test bores on the Raymond A. Smith farm in sec. 33,
T. 22N., R. 8 E. (see well logs, pp. 10-11), show
285 to 293 feet of sand, gravel, clay, and tuff from
the land surface to the top of the Kaibab limestone,

It is not known whether the tuff penetrated in drilling
the Smith prospect was dust deposited directly from
the air, or whether it settled into water and was
deposited as a series of water-laid beds.

The presence of temporary lakes inQuaternary
time is indicated in at least two places in the region.
Valley fill materials exposed ina gully near the Bottom-
less Pitsinsec, 17, T. 21N., R. 8E., contain ripple-
marked sands and silts and cross-bedded strata over-
lying the Kaibab limestone. The appearance of the sand
and silt suggests deposition ina shallow body of water.

The presence in Recent time ofa temporary lake
inthe Walnut Creek valley northof U. S. Highway 66 near
Winona, 13 miles east of Flagstaff and east of the area
mapped, hasbeen reported (Colton, 1929, pp. 93-94),
Inthatlocality, Colton found shells of species of mollusks
known to inhabit freshwater ponds and lakes.

Anarea west of Bonito Parkat the north boundary
of Black Bill Park is underlain by sand and gravel deposited
by meltwater from glaciers that existed in Pleistocene
time inthe Interior Valley of the San Francisco Mountains
(Sharp, 1942, pp. 488-489). The thickness of these deposits
ranges fromabout 30 feet to 100 or 150 feet at places where

?Price, W. E., Jr., 1948, Rim rocks of Sycamore Canyon, Ariz,
p- 37.  [Unpublished Master of Science thesis in files of Univ. of
Arizona Librnw-]




geophysical probes were run. The beds, where ox-
potied in gravel pits, dip a few degrees to about 10°
east toward Bonito ark, The water-bearing proper-

ties of the deposits have not becn tested.

The Farrell well in the SW sec. 26, T, 22 .,
R. 8 E., yields a small amount of water at a depth of
about 30 feet from Quaternary valley-fill materi
overlying volcanic rock. The water-bearing proper-
ties of the Quaternary deposits otherwise are not
definitely known in the area of the two parks.

les

Ignecus rocks

Basaltic {lows ard basaltic cinders are the pre-
dominant rocks in the area and are thought to belong

tc what Robinson {1013, pp. 87-90) has called the

Third Period of eruption. The voleanic activity of the
third period took place mostly,or entirely, in Pleistocane
and Recent time, Rocks of almost identic&i'composition
and appearance were extruded during what Robinson
called the First Period of eruption. First Period basalts
nave not been recognized in the two parks and are
thought o be covered by younger lavas and sediments.

The rocks comprising Elden Mountain, Tittle
Elden Mountain, and the foothills of the San Francisco

Mountains have been assigned by Robinson (1913, pp. 41- .

42, 76, 77, 78) to an intermediate stage (the Second

Period) of volcanic activity that occurred probably in
liocene time.

The eruption of Sunset Crater near the northeast
corner of the parks (pl. 1) is the most recent event in
the volcanic history of the area. This eruption is con-
sicered by Colton (1845, p. 7) to have occurred be-
twezen 1046 and 1071 A. D. Cinders falling from that
eruption covered a large part of the Doney and Black
Bill Parks and adjacent areas.

The only areas of intrusive igneous rock cbserved,
ther than those forming parts of Eiden Mountain and
he San Francisco Mountains, were the volcanic neck of
i
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O'Neill Crater in sec, 29, T. 22N., R. 9E., anda
small ring dike or plug in the NEf sec. 21, T. 21 N.,
R. 8 E.

Many springs in the Flagstaff area issue from
basalt, and seeps at the bases of cinder cones are
fourd west of Flagstaff. In Doney and Black Bill Parks,
Little Elden Spring emerges from the dacite of Little
Elden Mountain, Basalt flows are thought Lo form a
vartial barrier to the downward percolation of water
thus creating perched water bodies in places, such as.
the one that supplies water to the Farrell well
in sec. 26, T. 22N., R. 8 E.

Laboratory tests of a sample of Recent cinder
deposits obtained at a depth of about 25 feet below the
surfzce in an auger hole on the Crisp farm, sec. 29,
T. 22 N., R. 9 E., show that 44 percent of the volume
of the sampie consists of pore spaces. The water
drained oy gravity occupies 23 percent of the voiume
of the sample, and the water retained by cagillary
attraction, 21 percent. It is common experiernce in the
two paris o find that, at depths of a few inches to a
few feet below the surface, the Recent cinder deposits
are wet and seem to be nearly saturated. However,
toles drilled to depths of 20 or 30 feet in cinders have,
so {ar as known, failed to yield water.
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Stracture

In general, sedimentary rocks exposied in the
arei thown on the geologic map (pl. 1) dip at angles
of Jess than 10°, In many places the Kaibab limestone
is torizontal, The glacial outwash gravels dip from
5° to 10° E. The dip of the outwash gravels is con-
sidered to be initial, for it is probably the result of
deposition on a sloping surface and not indicative of
structural deformation after deposition.

The principal area of steep dips in sedimentary
rocks is that of the Paleozoic strata on Elden
Mountain, where the dip is from 30° to 50° E, 'This
area lies mainly in secs. 30 and 31, T. 22 N., R. 8 E.
Robinson (1913, pp. 70-78) interprets the structure
of Elden Mountain as that of a laccolith. By this
explanation, the dacite that comprises the core of
Elden Mountain was forced toward the surface as a
mass sufficiently viscous as to drag upward Paleozoic
strata more than 2,000 feet thick., The Paleozoic
strata exposedon the flanks of Elden Mountain are the
remnants of the original mass of rock dragged toward
the surface. In the hills at the east base of Elden
Mountain the Kaibab limestone dips about 50° SE.

Two miles southeast of the hills, in the NS} sec. 33,
T. 22 N., R. 8 E., a test well on the Smith farm
penetrated the Kaibab limestone at a depth of about
300 feet. In an outcrop about 1 mile farther southeast
the limestone dips about 4° N, Horizontal strata of
the Kalbab limestone crop out in the canyon of Rio

de Flag 5 miles east of Elden Mountain. It is obvious
that the steep dip observed in the hills does not con-
tinue southeastward. Therefore, it is assumed that
a fault or a sharp fold exists between the base of
Elden Mountain and the Smith farm. No other major
structural deformation of the rocks in Doney and
Black Bill Parks has been demonstrated in the present
investigation.

Minor drag of the Kaibab limestone occurred
adjacent to the dike or plug inthe NE§ sec. 21, T. 21 N.,
R. 8 E. It is probable that comparable drag occurred
during intrusion of other small bodies of igneous rock
at the cores of cinder cones in the area.

Sets of joints in Kaibab strata have been observed
af many places in the area. The jointing is especially
well displayed at the Bottomless Pits in sec. 17,

T. 21 N., R. 8 E. The more prominent set of joints
at Bottomless Pits strikes northeast and dips about
70° SE. Sinkholes have developed there along three of
these joints. The other set of joints strikes north-
west and is approximately vertical.

At Little Elden Spring, sec.- 19, T. 22 N.,
R. 8 E., joints strike N. 40° E., dipping 75° SE.;
and N. 70° W., dipping 70° SW. The joints are
belicved to provide channels through which water
moves to the spring.

OCCURRENCE OF WATER
Surface water
Doney and Black Bill Parks are in the drainage

basin of Rio de Flag. Most of the moisture that falls
as rain or snow is evaporated or'absorbed by
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af Runoff from the parks occurs only during
hime = Liabnormal precipitation. Small siream channels
cross the parks from mountain canyons toward Rio de

r -

Flag. These channels disappear either in grass-covered

meadows or at the edges of cuitivated fields.

A few earth tanks have been constructed ‘o catch
and store local surface runoff. The largest of these
tanks is in Schultz Pass; it is the principal source of
water for the Doney Park Water Co. From the pPass,
the pipeline extends to a small concrete-lined reser-
voir in Doney Park. From the reservoir, water is
distributed to the homes of members of the water
company. In some years there is no water in the
System, and in many years the supply is insufficient
to provide adequate pressure in the water lines. Other
earth tanxs are used for stock watering.

Ground water

Springs

The occurrence of springs in Doney and Black
BillParks was previously described under "Rock units, "
Yields of all springs observed were small, ranging
from a trickle to a few gallons per minute. Two springs
emerge from Paleozoic sedimentary rocks on the east
slope of Elden Mountain. Other springs issue from
volcanic rocks at the contact with relatively imperme-
able underlying materials. A few small seeps in
Bonito Park emerge from soil, probably near the con-
tact of glacial outwash gravels with underlying lava.

Wells

Colton (1932, pl. 10) published a map showing
sevenwells in Doneyand Black Bill Parks. He commented
(1918, pp. 42-44) that, although three wells in the area were
known to contain water part of each year, only one provided
water for more thana few months of each year. The most
successiul well reported by Colton is the only well presently
inuse inthe two parks. Thiswell was dugonthe Farrell
farminthe SWisec. 26, T. 22 N., R. 8 E., and is 50 feet
deep. Itprovides sufficient water for domestic use even
in years ofaverage precipitation, and the yield isin-
creased wnen runoff occurs in Rio de Flag.

At one time there were two wells on the
Richardson ranch in Bonito Park (see well logs, pp, 10-11)
in the NE{ sec. 20, T, 23 N., R. 8 E. According to
oral information one well was dug originally to a depth
of 30 feet, At that depth, the well yielded water at
least part of the year. Later the well was deepened to
80 feet and all water was lost. The second well was
drilled to a total depth of 42 feet. It is reporied that
when the well was drilled the water level was 32 feet )
beneath the surface. The well was never utilized because
it became partly filled with irash, and a pump was not
installed.

Colton's map (1932, pl. 10) shows two wells,
each 80 feet deep, one in sec. 27, T.22N., R. 8 E.,
the other insec. 3, T. 21 N., R. 8 E. He reports
these wells to have held water during part of the year.
No other details are available about these wells. It is
provabie, however, that the well in sec. 27, T. 22 N.
R. 8 E., is the one commonly referrad to as the
Butler well by present residents of Doney Park. It
is reported that the Butler well supplied the needs of
several familles for a number of years, but an attempt

b

to increase the yield by dynamiting destroyed its
usefulness. No effort was made to reopen the well.

The well now known as the Piper well may
be the same as that shown by Colton in sec. 3, T.
21 N., R. 8E. Some years ago, while the property
was leased to tenants, the well was partly filled with
Scrap iron and other debris. To date, no attempt has
been made to redeem the well.

Colton's map shows dry holes ranging in depth
from 40 to 70 feet in secs. 23, 26, and 36, T. 22 N.,
R. 8 E. Only one of these, the hole in sec. 23, could
be found during the present investigation. When
visited, the hole seemed to have been partly filled,
and it contained no water,

A hole dug through 12 feet of cinders to an un-
derlying clay layer is in the NE{ sec. 28, T. 22 N.,
R. 8 E. The well is curbed with concrete and roofed
with wood. The owner reported that at times water
in considerable quantity seeped into the hole through
the cinders. At some time in the past, during a
period in which the well was dry, it was partly filled
with cinders slumping from the walls and was there-
fore abandoned.’

On the Crisp Ranch, sec. 28, T. 22N., R. 9 E
there is-evidence of the existence of a truly ancient
well. A round depression about 4 feet deep and 40
feet in diameter having a distinct surrounding ridge
and containing a heavy concentration of fragments of
Indian pottery was first recognized by S. F. Turner
as a partly obliterated Indian "walk-in" well,

(See fig. 1.) This was later confirmed by archeolo-
gists from the Museum of Northern Arizona. Mr. Crisp
dug a shaft 32 feet deep at the center of the de-
pression, uncovering Indian artifacts in the upper

10 feet of cinder and clay fill. From 10 feet to 28
feet the shaft (see well logs) penetrated cinders
tightly held in a matrix of ice. Below the 18 feet of
ice the cinders were loose and wet but not saturated
to the point of yielding water. The bottom of the shaft
was on basalt boulders.

.y

An attempt was made to deepen the hole with
cable-tool drilling equipment. A few additional feet
were drilled with cable tools and the driller reported
a small amount of water. It was not possible with
the available equipment to go farther at that site, and
a new hole was started from the surface not far from
the collar of the dug shaft. At time of this writing
the outcome of drilling the new hole was not known.

GEOPHYSICATL, INVESTIGA TIONS
By C. B. Yost, Jr.

To determine the thickness and lithology of the
various subsurface materials in Doney and Black
Bill Parks, 13 electrical-resistivity probes were
made in 4 areas. The locations of the probes (pl. 1)
were determined after completion of the geologic
mapping. Probe sites were selected in areas where
the surface geology suggested the possibility that sub-
surface structures or cinder-clay relations might
retard downward percolation of water, or at places
where information was desired regarding thickness
of weakly consolidated materials overlying bedrock.
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The fleld work was done from June 13 to 18, 1951,
Assistance in placing the electrodes was given by
several residents of the area. A modified Gish-Rooney
electrical-resistivity apparatus was used. Interpre-
tetion of the graphs that resulted from the 13 probes
was made by comparing the grapns with theoretical
three-layer curves (Wetzel and McMurray, 1937) in
the light of knowledge of the geclogy of the area. In
general, for equivalent moisture content, fine-grained
raterials, such as clay or silt, have a low resistivity;
coarser materials, such as gravel, have a higher
resistivity; and igneous rocks commonly have a high
to very high resistivity. The following discussion
describes the investigations and presents an interpre-~
tation of resuits for each of the four areas where work
was done,

Doney Park area

Alluvium underlies most of the central part
of this irregular topographic basin, The small bor-
dering hills are composed mostly of voleanic cinders
and basalt.

robes were made at five points along 4 34-mile
traverse through the central part of the park area.
Probe 1 (pl. 1) was on the Smith farm in sec. 33,
T. 22 N., R. 8 E., near the site of a drilled hole
410 feet deep. From probe 1thetraverse extended
northeast through probe 2 to probe 13, thentrendednorth
through probe 4 to probe 3, in sec. 23, T. 22 N.,
R. 8 E. To avoid side effects, all probes were located
as far as practicable from cinder-basait outcrops.

The maximum stake separation for the five
probes ranged from 600 to 3,000 feet, depending upon
the depth to which information was desired and upon
the space available for extending the two outer elec-
trodes in a straight line without electrical or physical
interference,

Interpretation of the graphs of measured resis-
tivity indicates that the area in the vicinity of the
traverse is underlain by several layers of material of
differing resistivities, The uppermost layer, con-
sistirg of alluvium, is of low to medium resistivity
and ranges from 20 feet to 200 feet in thickness. The
next layer is of high to very high resistivity and is
100 to more than 400 feet thick. The third layer is
of low to medium resistivity (pl. 1). Correlation of
prote 1 with the log of the 410-foot test hole nearby
(pl. 1) shows that at the site of probe 1 the three
resistivity layers correspond respectively with allu-
vium, tuff, and Kaibab limestone.

All the probes indicate that the alluvium is
underlain by a second layer consisting of various
combinations of tuff, basalt, and cinders.

Praobes 1, 2, and 3 are fairly definite in indica-
ting the presence and depth of the third layer of low
to medium resistivity, .

The probes at sites 13 and 4 showed, at a depth
of less than 50 feet, a second layer of material so
nighly resistive that the current density within it was
too low to allow measurement of surface potential
differences, and it was therefore impossible to define
the lower limit of this layer. It is certain to be at
some depth greater than 100 feet, The low to medium
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resistivity of the third layer is of the magnitude that
would be expected for Paleozoic sedimentary rocks or
more recent alluvial material. At probe 1 this resis-
tivity layer is known to correspond to the Kaibab
limestone.

The resistivity cross section, plate 1,shows
material of high to very high resistivity forming an
apparent trough with its deepest determined part near
probe 2. The profile of the upper surface of the layer
of high resistivity between probe 13 and probe 3 rises ;
to a peak near the site of probe 4, It is probable that
this peax reflects a shallow subsurface connection
between outcrops of igneous rocks east and west of
probe 4. (See pl. 1.) .

The trough indicated by the resistivity cross
section (pl. 1) may be part of a subsurface basin.
The basin may, or may not, be sealed at the bottom
by material of low permeability. If such a basin
exists and is sealed at the bottom, a test hole may
reasonably be expected to yield water, at least in
small quantities, at a depth of not more than 350 feet.
The record of the Farrell well, 1,000 feet southeast
of probe 2, indicates that the basin may be at least
partially sealed. The well has water at a depth of
about 25 feet below the surface, and the water level
rises when runoff is carried in Rio de Flag..

Crisp farm

The Crisp farm, sec. 29, T. 21 N., R. 9 E.,
is in a topographic basin having an area of about
1 square mile. The basin is underlain by cinders and
the surrounding hills are composed of cinders and
basalt. Two auger holes, bored through the surface
cinders, penetrated clay at depths of 22 and 32 feet.
Neither hole was deep enough to disclose the thickness
of the clay or the identity of the underlying material.

Probes 5 to 9, inclusive (pl. 1), were made on
the Crisp farm. Graphs of the probes show a surface
layer of medium resistivity, 5 to 20 feet thick. The -
layer is interpreted as being composed of cinders and
alluvium. A second layer of very high resistivity,

10 to 70 feet thick, is interpreted as volcanic cinders.
Beneath this is a third layer, of medium resistivity,
which gould be an older less resistive type of volcanic
material or sedimentary rock.

The five probes do not indicate conclusively the
presence or absence of an extensive clay layer that
might retard downward movement of ground water.
The fact that no clay layer was indicated may be due
to one or more of the following conditions: The layer
is so thin that it has little effect on the flow of elec-
tricity; the layer is of limited areal extent; the more
resistant overlying layer masks the effect of the clay
layer.

According to probes 6 and 8, which were run
near the two auger holes, the clay that was penetrated
is near the contact between the second and third
resistivity layers, Direct delineation of a clay layer
does not seem possible with electrical-resistivity
methods in this locality. However, if it were deter-
mined by drilling that clay occurs everywhere at the
top of the third layer, it might be possible to obtain
indirect information about the clay by using resistivity
methods to trace the position of the third layer,

Il § ISR
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in the vicinity of probes 8 and 9 the top of the
third layer is 10 to 20 feet below the surface; south-
wsrd, in the vicinity of probes 5, 6, and 7, the depth
s 50 to 85 feet.

Although additional resistivity probing in
coordination with exploratory drilling might yield in-
formation of value, it is probable that augering or
driiling would be quicker and would yield more positive
results than would resistivity met'nods. Deeper ex-
ploratory crilling would estaciish the character of the

‘taird layer. If the material in this layer is less perme-
able than that in the overlying layers, or if it is perme-
able but everywhere separated from the second layer

- by clay, perched ground water may be present.

Glacial-outwash area

Probes 10 and 11 (pl. 1) were made in the area
of g.acAal outwash gravel in the western part of
TS 2-5 ¢¥ ) R 8 E.

" Both probes show an upper layer of medium to
tigh resistivity which represents the surface gravel.
Below this is a second layer of moderately low resis-
tivity interpreted as gravel having a higher proportion
of sand and silt. The third layer is highly resistant
and probably is volcanic rock. At probe 10, near a
gravel pit, the surface of tne highly resistant third
layer is at a depth of approximately 100 to 150 feet.
A~ probe 11, farther from the mountain front, the top
of the aighly resistant layer is about 30 to 36 feet

" below the surface. The probes indicate that the gravel
is thicker near the mountain front.

Schultz Pass area

A single probe, no. 12 (pl. 1),was made in the
NEi sec. 24; T. 22 N, ; B TE,, to determine the
thickness of alluvlum overlying bedrock. The probe
shows a layer of medium resistivity from the bottom
of the soil to a depth of 150 to 200 feet. This layer
probably corresponds to a mixture of gravel and fine-
grained material because the resistivity of the layer
is intermediate between that generally found for either
material occurring alone.

Below the layer of medium resistivity a
layer of medium-high resistivity was found. This
layer extencs at least to 600 feet, the total depth of
the probe. Although the resistivity seems too low for
so0lid igneous material, it could be igneous rock in which
fractures or other openings contain moisture.

CONCLUSIONS AND RECOMMENDA TIONS

The geologic and geophysical investigation in
the Doney Park-Black Bill Park area, supplemented
'by information obtained in the investigation of other -
zreas near Flagstaff, suggests the following conclusions
regarding the occurrence of ground water in the two
parks:

1. The supply of ground water that can be
develcped at depths of a few feet to a

= few hundred feet is small,

2. There are various localities where
ground water has been available to
residents of the area, including sever-
al springs and six wells, five of which
have been abandoned.
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3. Ground water at relatively shallow
depths occurs only in those formations
overlying the Kaibab limestone, at
places where impermeable layers re-
tard the downward movement of water,
A possible exception exists in an area
at the base of Elden Mountain. There
it is possible that a fault or fold may
retard downward movement of water
and thus make water available at depths
of a few hundred feet in strata ynder-
lying the Kaibab limestone. Elsewhere,
water moves readily downward through
the limestone and the underlying
Coconino sandstone.

4, The places where ground water is
stored in beds overlying the Kaibab
limestone seem to be few.

5. Ground water is probably available in
Recent cinder deposits at several
places in Doney and Black Bill Parks,
during at least part of each year of
average precipitation. Development
will depend on finding underlying clay
layers or other local impervious
bodies that will trap small supplies of
water,

6. Recharge to local bodies of perched
water depends largely upon direct -
precipitation. This recharge is sup-
plemented by runoff in Rio de Flag and
from the canyons on the east slopes
of the San Francisco Mountains.

7. An area of glacial outwash at the mouth
of a major canyon at the north end of
Black Bill Park presumably conducts
water from the San Francisco Mountains
toward Bonito Park. .

, In light of these conclusions, the following
possible courses of action are suggested for developing
ground water in the area.

Spring development

Little Elden Spring, sec. 19, T.22 N., R. 8 E.,
might be developed by means of a shaft extended
below the present point of emergence of the spring.
Crosscutting from the base of the shaft might develop
additional water. No other springs in the area inves-
tigated seem to warrant extensive development.

Well development

The dug well in see, 13, T. 22N., R. 7E.,
adjacent to the pipe line of the Doney Park Water Co.
in Schultz Pass, could be cleaned out and equipped
to siphon or pump water into the pipe line.

Geophysical exploration in the Schultz Pass
area indicates the presence of 150 to 200 feet of talus
and alluvial material in the reentrant valley north of
Little Elden Mountain. This area appears to warrant
experirnental drilling to bedrock.

An area in the SEf sec. 30, T. 22N., R. 8 E.,
lies beiween Elden Mountain and a line of foothills of
the Kaibab limestone. Beds of the Supai formation
are exposed on the slopes of Elden Mountain adjacent
to this area, Beds in both the Supal formation and the
Kaibab limestone in that locality dip steeply southeast,




O

A majur .ire may be concealed by fangicmerate
east of the [uothills. Beds of the Coconino sas
presumably underlie the area between the fcothills

and the strata of the Supai formation on Elden Mountain,
The writer believes that exploratory driliing to a

depti of several hundred feet in the pocket lying be-
tween the foothills and the vase of Elden Mountain
would be warranted. A seep in the SEf sec. 30, T.22N.,
R. 8 E., indicated the presence of ground water in

the area.

Thre area of glacial outwash at the rorth end of
Black Bill Park is considered worthy of exploratory
drilling to bedrock. At probe 10 a thickness of 100
to 150 feet of gravel and sand was indicated, Of the
twe places at which probes were made, tne more
favorable site for test drilling seems to be that in the
vicinity of probe 10.

The area in the vicinity of probe 2 seems to be
underlain by a basin that may contain ground water.
This conclusion is based on an interprotation discussed
in the section cn geophysics, It is possible that a
well drilled to a depth of 250 to 350 feet in the area
might develop a supply of water sufficient for one or
more families. Previous test holes were only 70 to
80 {eet deep and were unsuccessful,

The history of wells along Rio de Flag, notably
those presently referred to as the Farrell well, the
Butler well, and Piper well, suggests that properly
consiructed wells in alluvium adjacent to the channel
of Rio de Flag would provide water during at least a
part of each year, Care is essential in order to
prevent (1) sealing off the aquifer during construction
or (2) piercing the impermeable underlying layer.

Basalt is exposed in the siream bed of Rio de
Flag in sec. 34, T. 22 N., R. 8 E. The presence of
dense vegetation suggests that a permanent supply
of water may be present. A test well near the trees
seems warranted.

Further exploration in the vicinity of the
ancieat Indian walk-in wellon the Crisp farm seems
justified
justified.

The presence of groves of walnut trees in the
two parxs suggested to S. F. Turner (oral communica-
tion, 1951) the possibility that ground water is present
at depths within reach of the tree roots, It is possible,
thersiore, that digging in the immediate vicinity of the
walnut groves would develop small water supplies.
However, the nigh water-retaining capacity of the
cinders may create a unique condition in which the

O

walnut trees extract their supply from capillary water
retained in the cinders. Under these conditions, the
presence of walnut trees would not necessarily indicate
the existence of a water table within reach of the tree
roots,

Infiltration galleries in cinder hills

The cinder hills in Doney and Black Bill Parks
may offer a source of domestic water. Cinders from
the eruption of Sunset Crater were deposited over the
entire area considered in this report. Subsequent
wind action has created dunes of black cinders derived
from the Recent deposits on the windward side of older
reddish cinder hills,

In places near Flagstaff, layers of clay soil, or
of partly decomposed cinders in a clay matrix, have
been observed at or near the surface in the older red-
dish cinders. If dunes of black cinders overlie depres-
sions on the surface of the older cinders, and if the
older deposits are sufficiently clayey, small amounts
of water may occur near the bases of the black cinder
dunes that occupy such depressions. Exploration of
favorable cinder-dune localities by digging tunnels
may develop small perched water supplies.
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Logs of wells in Doney Park-Black Bill Park area, Coconino County, Ariz.

Thickness
(feet)

Depth
(feet)

Farrell well (dug). M. F. Farrell, owner. Sec. 26, T. 22 N., R. 8 E.

5011, some ClAY BNA CINABTS e s e ese,00aesncnacsbinnetosscssonsessioshessossnesss 22
01T, BrAVELY T oot oie v 50000000 G050 5008 575 5 0555065 W6 0 Sdaie SrvAe brods #6681 4 are 616 ¥ B5050 Giure 28

22
50

Bore on Lander Ranch (drilled). A. E. Lander, owner ané driller. Sec. 33, T. 22 N., R. 8 E.

Sold, CInAOTY s siaie sare o wim wiois wim o wie0s w5 5 76 § @58 6018 8 W8 8076 SISTE S8 ATH ¢ B0 6 BT IS 966 SiEe 56 B
CInABTE,", DEBRK 515 5.6:5 5 606 066 55ia 550 o505 58 v eva wiara o wis ¢ a7e sini's @id's wiare asel s o1 n'ais § 0l €7676 /88 674 T5
Lave, black, very hard ("drilled up 1like flour Of €METY")e.vescecosencnossand 15

Eole lost water all the way; lLiit crevice at 95 feet

5
80

95

Smith Ranch well 1 (drilled). R. A. Smith, owner and driller. Sec. 33, T. 22 N., R. 8 E.

8041+ 10086 Pock, and & LICL1e CLEY: ww & siv siew vies vise 5565 o6 o 5 656 § 508 s0bis 60rd 5i6:8 50416 4 29
BOUTOBPL S 05:6/56 6 910 0010, 6786 65618 sieid aswi 0 50 009 8 058 & 519 91308 8 @0 0161 8676 5 S0 M50 0010 BEw78) S1836 B8 10:8 5
S01l B0 10088 POCKiwws:s sisis sieiw oi5is #1516 0e 6 855 $055 o/556, 8 66 8854 9780 8:5:8 819 8 36 Siase Br6ve BL6 6150 o 84
SENASTONE ; T ¢ 5:5 § 516 #8148 aom wuse areia wime w10z e & €06 8018 87058 €7606 §10.5 Wi0rs Biw o 576, § 659 Sidte B10i6 8168 23

BoLLiand Loo8E TOCK e+ sre e wm s @i was o i oet & 484 67541970 & 536 Se58, 016 & B0950 50916 44919+ 015915 010 0548, 4
Soft tuff or lava; a swmall strip of coarse.gravel at 217 £EEt.eeeeeeeceansees 96
KOIDED 1 106 S ORI tais w010 0010 wist 0 ain 910 81056 SH08. 9761 010 wiiet 86116 & wiies il B 9uce 0B W70l 19 6% & BHe 117

29

34
118
141
197
293
410

Smith Ranch well 2 (drilled) R. A. Smith, owner and driller. Sec. 33, T. 22 N., R. 8 E.

(100 feet northwest of well 1)

MEABSINE, dlare vions wioie bisie 506 556 810 6 066 60§58 9186 61616 61918 6766 416 § 9168 916 6014 §:0.6 Um0 59 » 00900 000 15
5011, dark FelloWish-DrOWNe s seeeseeeceeeaessosacanosnosesssosonsanssoennanees 5
Clay 'and fine sand, 1igNt-taNeeseiseccsssrisscerosssetossasanscncsocessssssss 10
banc, light reddish-brown, fine- to medium-grained, mostly QUATLZ......ee...s 5
Sand and pebbles Of TeA CLNAETS.sesereeteceeeeroooscsaaossencasnsnsccesnsnsss 5
Sand, lignt reddish-brown, medium-grained; a few pebbles of purple and

gray volcanic rock and white Cherbt..eeieesceseecscosesssosescassasencansanns 10
Sandy L GarKO T =DPOW vy v v s wio o aia b 625 8 @ 81608 516 & 51675 555§ 678 82018 S04 SE61E Bin 6 000 0.5u8 800 e Bw oueid 0d] < 7 1O
Clay, pink, and Chert PODDLES..ccsceeecerccsecceanosessosssssesasossssasesssss 10
Sand,’ brown, 00&r86; Some PEDBLOBie s s ssie v s ks s 5/ s 55 5568 ¢ o7s s:vie 0.0 6 505 & 5765 88 606 bia 5
Sand, Drown, fANe-gralfed..seeeeeececssersoeeeonnsanesesacasosssoosocossnnnsas 5

Sand and cday,; . ILEht=taivme se s sis siere e s sivs 565 6 58 555 658 5 B10H A6 BEIE 068 886§ 0 15
Sand and silt, brown to light reddish-brown; coarser at top and bottomss.e.sd 50
As above but coarser-grained; pebbles common in 1ower 10 £Eet...ceveevecsnnas 4o
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Logs of weils in Doney Park-Black Bill Park area, Coconino County, Ariz.--Continued

Thicknoss Depth
(feet) (feat)

Rlchardson Homestead well (dug). S. I. Richardson, owner. Sec. 20, T. 23 N., R. 8 E.

CINTETE & 3556 w0 miaie w0108 0010 8305 §7950 5 508 D080, SIRS STRS S0, 0653 BT 51675158 55008 B0S16 3800 B8, 600a oreb mr 3 2

Codrse 88N and BraVOl. s siws s s sis ¢ 565 oo, 905§ 558 .06 Sr08 5.0 8 60 brae o188 0ieramie s wia'e e as 57 60

Note: Reported that well was used for & time at depth of 30 feet, then deepemned to increase
. yield. All water was lost during Geepening and none was recovered.
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Moy Jun 2 1969 o

BOX 5671 TUCSON, ARIZONA 85703
Phone; (AREA 602) 623-0578

HEINRICHS GEOEXPLORATION COMPANY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

27 May 1969

Mr. William Ramsey
1222 E. Missouri
Phoenix, Arizona 85014

Re: Proposed Resistivity Survey
Portions of R. 7 E. & R. 8 E.
Sec. 13, 24, 18 & 19

Dear Bill;

Per your request when in the office last Friday, 23 May 1969,
we herewith submit a proposal for our mutual understanding and
agreement.

1. Beginning on or about 2 June 1969 GEOEX will furnish
the personnel and equipment necessary to conduct a
resistivity survey of an approximate area as designated
by you and indicated above, located in Coconino Co.,
Arizona.

2. .0thers of our technical staff will be involved as needed
and/or are supplied in the field or office as requested
and mutually agreed upon.

3. Charges are $250.00 per field day, and a three man crew
will be used. Time will be prorated on a ten (10) hour
day, five (5) days per week.

Production estimate: (according to type of survey, this
: can and will vary a great deal)
(a) Very rough to rough terrain, one half to one mile
per day.
(b) Rough to average terrain, one to one and one half
miles per day.

4. VEHICLES: $15.00 per day plus 15¢ per mile and one ve-
hicle will be used. Living and other direct job related
supplies, communications and incidentals are charged at
our invoice cost plus ten percent (10%).

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.
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Mr. William Ramsey -2- 27 May 1969

5. Excessive weather delay and standby charges are one half
the daily rate quoted above. Breakdown of our equipment
in excess of one hour per day will be made up or not charged.

6. Data compilation, interpretation and report is $150.00
per staff day following completion of project in the
field. (Average is one office day per one field day
on short jobs, longer programs substantially reduce
this figure to about one office day per four field days.

7. The budget allotment as discussed with you will be app-
roximately $1,500.00 and with the information currently
available it is estimated these funds are sufficient to
determine the most favorable drill site for a production
water well in the square mile area as outlined by you.
If during the course of the work it is determined that
additional funds are needed you will be so informed.

A11 property permits, brushing and trespassing-liability and re-
lated costs incurred on behalf of client assumed by client. Charges
for extra equipment and personnel employed, if mutually desired, are
extra.

GEOEX will save client harmless from all Workmen's Compensation,
public 1iability and property damage liability incurred by GEOEX em-
ployees.

Preliminary reports or copies of rough field plotting sheets
will be available as work progresses.

Payments are due on presentation, billings may be submitted
periodically with final statement after completion of final report.

Indication of your understanding and approval of the above by

executing as provided below on the attached copy of this letter and
returning it to us will be most appreciated.

Sincerely yours, —
HEINE;E&%:?E?///LORAT

>

: - ]
E. Grover Heinrichs, V. President
DATE: ﬁj St 17 [
! 7
ACCEPTED BY:/U/zy & fénzers
TITLE: (ovcoad ,.é;.b,y <“;\7 esei
EGH/p1p #%NOTE: SEE ATTACHED LETTER FOR ADDITIONAL CONDITIONS

Enclosuve [co AS DISCUSSED BETWEEN WM. A. RAMSEY AND E.
(ce) GROVER HEINRICHS 31 MAY 1969.

HEINRICHS GEOEXPLORATION COMPANY



WM. A. RAMSEY
CONSULTING ENGINEER

1222 East Missouri Ave. Telephone:
Phoenix, Arizona 85014 274-6017
1 June 1969

Mr. E. Grover Heinrichs, V. P.
Heinrichs Geoexploration Co.
806 West Grant Road

Tucson, Arizona 85703

Dear Grover:
Following is a brief resume of our telephone conversation
relative to additional conditions for your firms' doing the

resistivity survey north of Flagstaff:

1. The client is the Black Bill & Doney Parks Water Users'
Association, with my acting only as their engineer and agent.

2. The funds for the payment of these services are coming from

a loan and grant from the Farmers Home Administration, a committment
for which has been made.

3. The funds should be available within 30 to 60 days, or less.

i, All invoicing should be to the Water Users' Association, and
made through me.

5. ©No payments can be forthcoming until the loan and grant is
closed and the funds made available.

6. At such time as funds are available, payment will be made
direct to your firm.

I trust that these additional conditions are satisfactory.
I will be at the Americana Motel, Flagstaff, most of next week,
and will call you by or before Thursday, 5 June.
Best Regards

Iy,
L"C%(’ (A€ Al Mﬂ,g,if.»y
Wm. A. Ramsey, nyE.
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INTRODUCTION

At the request of Hr, William A. Ramsey and on
behalf of the Black Bi11 and Doney Parks Water Users Asso-
cfation, a resistivity survey was conducted by Heinrichs
Geoexploration Company in June 1969. The survey was located
in the fmmedfate vicinity of the southwest corner of Section
17, 7. 22 K., R. 8 E., near Flagstaff, Arizona. :

The purpose of the survey was to locate favorable
well sites using applied geophysical resistivity methods.

The scope of the project was sowewhat 1imited by budget and
cannot be considered to have adequately satisfied the stated
purpose.

Two Wenner expanding depth probes using logarith-
mically increasing electrode spacings were used to locate the
alluvium bedrock contact. In addition, two collinear dipole-
dipole olaétrode n=1 profiles, each consisting of data obtained
from electrode spacings of 250 and 500 feet were used in con-

“Junction with the depth probes to locate significant alluvium

depth or resfistivity changes. Reference to any of the stan-
dard geophysical text books such as "Geophysical Exploration”
by C.A. Heiland will describe in detail the theory of the
procodurés used.

Geoex personnel involved in this job were Mr. J.
Bauersachs, crew chief; M. Critchley and B, Terrell Technicians.
Mr. Paul A. Head, Geophysicist was in charge of the project

and is responsible for this report.

h“

HEINRICHS GHOEXPLORATION COMPANTY




IRTERPRETATION AND RECOMMENDATIONS

Expander #1 reveals rather strong lateral changes
that prevent good depth interpretation from most of the data.
Apparently good data was cobserved out to an “a” spacing of
- 50 feet resulting in a fairly easfly interpreted surface
layer of 70 ohm feet, 25 feet thick. The remainder of the
probe is badly distorted but we believe another layer begins
at 100 to 200 feet deep, pkobably representing solid rock
having a resistivity perhaps as high as 1,500 ohm feet. Un-
fortunately 1t is this deeper layer that is of the most im-
portance to this survey and fs the most poorly defined.

Expander €2 also shows considerable lateral distortion
but ¥s quite a bit more interpretable than #1. The alluvial
layer as calculated from Expander #2 is about 150 feet thick
and has a resfistivity of about 1,000 ohm feet. The agreement
between expanders 1s remarkably good in spite of lateral effects.

Line #1 is oriented ¥ 10° E as shown in the plan map.
A north-south oriented fence crossing the Tine at about a"1C°
angle near 0.0 HE probably has a marked effect on the resis-
tivity data but does not serfously impair relative depth
calculations since it ii nearly bara!!ol to the 1ine and quite
long compared to the dipole spacings used., The resfistivity
low centered at about 1.25 SW 1s a valid feature that caused
the poor depth probe data on Expander #1 and may represent
efther a change in bedrock resistivity or a2 channel in the
bedrock filled with alluvium. The north end of the line

wle

HEINRICHS GEOEXPLORATION COMPANY



from the 12.5 ME indicates that bedrock is coming near
surface which s a surprising conclusion of that the alluvium
has become more resfstfive. From about 10 SE on, the south
end of the line indicates bedrock about 50 feet deep.

Line #2 15 oriented east-west and crosses Line #1
as shown on the enclosed plan map. This line indicates fairly
uniform depths on the order of 50 feet to bedrock over its
entire length. The possible exeeption being at 6.25 E where
a minor decrease of cover may occur.

The general conclusions are that this survey has not
been successful in terms of defining a "best” location to drill
for water but a possible buried channel in the bedrock has been
found. It is our recommendation that three or four well points
or small bore test holes be drilled along Line #1 as shown on
the profile sheet to fdentify the true geological nature of
the resistivity low between 5 SW and 2.5 NE. If these test
holes prove the existance of either higher porosity alluvium
or the existance of a channel in bedrock, then a possible
source of ground water was located. Based on encouraging
drill results of this type we would then recommend tracing the
underground course of the ground water by a more extensive
resistivity survey or by a continued program of small bore
test drilling to define the best place for water productfon.

HEINRICHS GEOEXPLORATION COMPANTY



Respectfully Submitted,
HEINRICHS GEQEXPLORATION COMPARY

il a A

Paul A, Head
Geophysicist

HEINRICHS GEOEXPLORATION COMPANY
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RESISTIVITY SURVEY
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FLAGSTAFF, ARIZONA
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VERITY & SMITH

ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHURCH AVENUE

TUCSON. ARIZONA 85701

VICTOR H. VERITY AREA CODE GO2
622-7445

LEO N SMITH TELEPHONE
JAMES E MUELLER
JOHN C. LACY
KENNETH L. ALLEN September 28, 1970
YN ICIT SR
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Mr. Grover Heinrichs
Heinrichs Geoexploration Co. BOX 5954 TUCSON, ARIZONA 85703
P. O. Box 5964 Poones ieh tos

. ne:  (AREA 602) §23-0
Tucson, Arizona 85703 (AREA 602) 623-0578

Dear Grover:

Attached is a rough draft of a proposed letter to Mr. Lincoln,
the attorney fop<Rlack Bill and Doney Parks Water Users Association.
Will you please read it very carefully and return the enclosed extra copy

to me with your comments, suggestions, changes, etc.

!

If the field crew, seeing the wire fence, could run the survey
in such a way as to eliminate the effect of the fence, could the same
technique be used to eliminate the effect of the pipe? I assume there is
an explanation but you will have to educate me.

I am returning the map. Please make another just like it
and return both to me. One will go to Mr. Lincoln.

Also enclosed are some extra copies of correspondence which
I do not need.

Very truly yours,

/ ’ /(’_/
ictor H. Verity

/ /
/
7

VHV/mej
Enclosures
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VICTOR H. VERITY
LEO N. SMITH
JAMES E. MUELLER
JOHN C. LACY
KENNETH L. ALLEN

Mr. Grover Heinrichs

VERITY & SMITH

ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHURCH AVENUE

TUCSON, ARIZONA 85701

September 28, 1970

Heinrichs Geoexploration Co.

P. O. Box 5964

Tucson, Arizona 85703

Dear Grover:

FTEINRICETS

GEORX
Cable: GEOEX

REC’D

AREA CODE 602
TELEPHONE 622-7445

P29 1970

BOX 5964 TUCSON, ARIZONA 85703
Phone: (AREA 602) 623.0578

Attached is a rough draft of a proposed letter to Mr. Lincoln,
the attorney for Black Bill and Doney Parks Water Users Association.
Will you please read it very carefully and return the enclosed extra copy
to me with your comments, suggestions, changes, etc.

in such a way as toleliminate)the effect of the fence, could the same

technique be used to eliminate the effect of the pipe? I assume there is
an explanation but you will have to educate me.

I am returning the map.

and return both to me.

. i IS
AL AT DA

Please make another just like it

One will go to Mr. Lincoln.

e If the field crew, seeing the wire fence, could run the survey

Also enclosed are some extra copies of correspondence which

I do not need.

VHV/mej
Enclosures

Very trt}yyours,

/L //

Viétor H. Verity




October 2, 1970

Mr, Victor H. Verity

Verity & Smith

Attorneys at Law - -

Suite 902 Transamerica Bufidin
177 North Church Avenue -
Tucson, Arizona 85701 '

Dear Vic:

In answer to your question regarding the elimination
of fence effects, the problem of unwanted effects of fences,
pipes, cables or other grounded conductors is in theory
and technically quite easy. All that is needed is to dig
them up and move them away from the area being surveyed,
Practically this is nearly always impossible. In the case
of fences, it is possible to insert insulators into each
strand of the fence for several hundred feet every 100 feet
to eliminate most of the interference. However, this is
expensive and more commonly, in the field, we try to cross
the fence at right angles with electrodes equally spaced
straddling the fence line. To a degree this will minimfze
but not eliminate interference when it is possible to cross
at right angles.

We could have minimized the pipe effect by this approach
and in fact this is actually about the way it worked out,
accidentally. There is no practical way to really correct
or eliminate the effects of a 42" gas main - short of digging

it up.

mt‘d..l....
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We have read over your letter to Mr. Lincoln and
suggest only the minor addition of Grover's name and
changing those words on the edited copy of the letter to
Mr. Lincoln which is enclosed. Also enclosed are two
copies of the map you desired. ‘

The above is in reference to your letter dated 28,
September 1970 to Mr. Grover Heinrichs.

Sincerely,
HEINRICHS GEOEXPLORATION COMPANY

Paul A, Head
Geophysicist

Enclosures: copy of letter to Mr. Lincoln

2 copies of map requested

PAH/re:
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HEINRICHS GEOEXPLORATION COMPANY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX #6%l« PHONE: (AREA CODE 602) 623-0578

5964

September 1, 1970

Mr, Victor H, Verity

Verity & Smith, Attorneys at Law
Suite 902, Transamerica Bldg.
177 Horth Church &venue

Tucson, Arizona 85701

Dear Vic:

Furthering your conversation with Grover today, enclosed is a
memo on a conference held in Phoenix regarding the Black Bi11 & Doney
Parks Water Users Association,

It is our understanding that a meeting is to be held in your
office at 10 a.m. on September 16 to further discuss the matter, We will
try to have all parties available at that time.

Sincerely,
t
' Walter E, Heinrichs, Jr.
WEH: jh /
cc: Extra Encl
P. A, Head
J. Bauersachs

E. G, Heinrichs

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL , GEOLOGICAL AND ECONOMIC APPRAISALS.




HEINRICHS GEOEXPLORATION COMPANY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

September 1, 1970

Conference Lunch with William A, Ramsey
at Westward Ho Hotel, Phoenix 12:15 p.m. Auagust 27, 1970

Paul Head, Jim Bauersache, E. Grover Heinrichs

Ramsey stated that the Water District owed him $31,000.00,
They were short on funds and in his épinion were trying to get additional
funds any way they can for additional work to find water,

Ramsey said categorically that neither the Water Users Association
nor the attorneys have professional geophysical advice.

Ramsey picked the spot to run survey in the field, recalled
shifting the area to be covered at the last minute when the crew arrived
on site. He reitorated that we were informed of pipe in the field.

Ramsey stated that the pipe line right of way was marked by
signs every 100 feet. However, our crew did not have occasion to traverse
along this right of way. Their ingress and egress was by a different and
more direct and convenient route via the Eldon Springs road and a Forest
Service road. Ramsey remembered this after being remindéd by Jim Bauersachs,
Ramsey stated that he thought a mathematical calculation should have been
made to correct for pipeline,

We stated that existence of pipe line could not be corrected for
mathematically, that one would have to ignore the area of the pipe.

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.



HEINRICHS GEOEXPLORATION COMPANY

BO6 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

Septewber 1, 1970

Conference Lunch with William A, Ramsey
at Westward Ho Hotel, Phoenix 12215 p.m. Auaust 27, 1970

Paul Head, Jim Bauersacha, E. Grover Heinrichs

Ramsey stated that the Water District owed him $31,000.00,
They were short on funds and in his @pinion were trying to get additional
funds any way they can for additional work to find water,

Ramsey said categorically that neither the Water Users Association
nor the attorneys have professional geenhvsical advice.

~ Ramsey picked the spot to run survey in the field, recalled
shifting the area to be covered at the last minute when the crew arrived
on site. He reitorated that we were informed of pipe in the field,

Ramsey stated that the pipe line right of way was marked by
signs every 100 feet. However, our crew did not have occasion to traverse
along this right of way. Their ingress and egress was by a different and
more direct and convenient route via the Eldon Springs road and a Forest
Service road. Ramsey remembered this after being remindéd by Jim Bauersachs.
Ramsey stated that he thought a mathematical calculation should have been
wade to correct for pipeline.

We stated that existence of pipe line could not be corrected for
mathematically, that one would have to ignore the area of the pipe.

\

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.
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VERITY & SMITH

ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHURCH AVENUE

TUCSON, ARIZONA 85701

VICTOR H. VERITY AREA CODE 602
LEO N. SMITH TELEPHONE 622-7445
JAMES E. MUELLER

JOHN C. LACY

KENNETH L. ALLEN

August 6, 1970

Mr. Kenneth J, Lincoln

Wilson, Compton, Egan & Lincoln
Attorneys at Law

P, O, Box 550

Flagstaff, Arizona 86001

Dear Mr, Lincoln:

Mr, Heinrichs has returned to Tucson and we have dis-

cussed the matter of the work that was performed for Black Bill

nd Doney Parks Water Users Association. We need additional

( facts put are having a little difficulty getting them because

employees are on vacation, One of the key men is due back within
a few days and after his return I will again confer with Mr. Heinrichs
and his men and get the information I need to take the matter up with
you.

Very truly yours,

Victor H. Verity
VHV:lh
¢c: Mr, Walter E. Heinrichs, Jr.
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HEINRICHS :

ATION CO.
GEOEX1&2£4T“wmmmmaww
Phone: (602) 623-0578
Cable: GEOEX

- MESSAGE DATEJuly Zzl/ / 70 REPLY DATE 8 / 6 / 70
TO -
Mr. Victor H. Verity Dear Walt:
Suite 902 e
Transamerica Bullding Confirming our last phone

Tucson, Arizona

call, I did not mail your letter of

Re: letter to: Wilson, Compton, Egan & lincolnduly 27, 1970 to Wilson, Compton,

Egan and Lincoln because I did not

Dear Vic: want to give them any facts before you

The attached lettey, subject to your and I have gone over the matter very

review, is proposed to be mailed to the i
above attorneys in Flaastaff, - thoroughly in advance, I return the
. G & Cayfroemn—
We await your comment and approval. _original of that letter to you enclosed
7

and am keeping tg‘e/garbon copy for

Contact Paul A. Head in the event Walt has
left before you have a chance to call back _ office use.

Very trulysours,

Sincerely,

i 8 SSHESIMNENEY |10 1L T 1 VB PSR W S /mtor =R

. SEND PARTS 1 AND 3 WITH CARBON INTACT - PART 3 WILL BE RETURNED WITH REPLY.
Rodlf’m. 4S 473




HEINRICHS GEOEXPLORATION COMPANTY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

July 27, 1970

Messrs. Wilson, Compton, Egan
and Lincoln

203 N. San Francisco

P.0. Box 550

Flagstaff, Arizona 86001

Re: Black Bill & Doney Park Water
Users Association
Job No. 403-69

Gentlemen:

1. We were asked and agreed to run a very tight economy
budget survey and stated at the time we could promise little
for the magnitude expenditure proposed. Moreover, we stated
we were discouraged regarding the practical applicability to
really help.

2. Nevertheless we tried to accommodate Mr. Ramsey and
his client because of awareness of seriousness of the water
problem involved and therefore agreed to try to assist as
requested.

3. The pipes would have had little or no effect if work
had been done as originally discussed, proposed and contracted.
However, even after moving the location at Mr. Ramsey's last
minute field request, the pipe effects then encountered would
not materially change the geophysical conclusions or recommend-
ations regarding the tiny area chosen and covered. Regardless
of pipe effect, a channel was technically possible, because
it is not feasible to quantitatively correct for pipe lines
effects, or to look at any given set of data and say it is ALL
pipe effect or NO pipe effect. However, if we had prior
knowledge of the pipe line and were instructed to do a resistivity
survey across it, the data and computations would of course
still be the same. Our interpretation would have recognized

ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL , GEOLOGICAL AND ECONOMIC APPRAISALS.
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that the pipe effected the data and that the only possible
location for a buried channel not eliminated would be under
the pipe. Therefore the only course possible to confirm or
eliminate a channel at the pipe is to drill.

It was understood that client desperation warranted
grasping at almost any straw and the fact that the client or
their consultant may not have been fully aware of pipe line
implications should not be blamed on us because we did not
pick the area or manage the considerations. 1In fact, at the
outset we inferred and even later stated when additional work
was being proposed by Mr. Ramsey, that perhaps a non geophysical
approach would be best. This was covered in our Mr. Head's
letter to Mr. Ramsey on 28 April 1970 and in prior discussions.
Moreover, WE did not recommend the expenditure of any amounts
of funds to drill this or any area as opposed to other available
alternatives. We did recommend if you want to rule out a
possible channel here, it will likely take about four holes
to do it and Mr. Ramsey certainly was at least partially
aware of this.

We did not guarantee water, or even any channel, or anything
else, except to endeavor to assist you as requested and at your
direction. Unfortunately, usually geophysics is only at best
an incremental aid to the geologist or geohydrologist and is
rarely categorical and Mr. Ramsey knows this. Certainly we
tried to hold back all false hopes and if any were conveyed
they were not from us, and could and should have been avoided.

We have no idea why Mr. Ramsey chose to move the work one mile
north-easterly, but that was not our concern or responsibility.

Very truly yours,
HEINRICHS GEOEXPLORA OMPANY

Walter E. Heinrichs, Jr.
President

WEH/re:

HEINRICHS GEOEXPLORATION COMPANY



HEINRICHS GEOEXPLORATION COMPANY

BO6 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

July 27, 1970

Messrs. Wilson, Compton, Egan
and Lincoln

203 N. San Francisco

P.0, Box 550

Flagstaff, Arizona 86001

Re: Black Bill & Doney Park Water
- Users Association
Job No. 403-69

Gentlemen:

1. We were asked and agreed to rum a very tight economy
budget survey and stated at the time we could promise little
for the magnitude expenditure proposed. Moreover, we stated
we were discouraged regarding the practical applicability to
really help.

2. Nevertheless we tried to accommodate Mr. Ramsey and
his client because of awareness of seriousness of the water
problem involved and therefore agreed to try to assist as
requested.

~ 3. The pipes would have had little or no effect if work
had been done as originally discussed, proposed and contracted.
However, even after moving the location at Mr. Ramsey's last
minute field request, the pipe effects them encountered would
not materially change the geophysical conclusions or recommend-
ations regarding the tiny area chosen and covered. Regardless
of pipe effect, a channel was technically possible, because
it is not feasible to quantitatively correct for pipe lines
effects, or to look at any given set of data and say it is ALL
pipe effect or NO pipe effect. However, if we had prior ‘
knowledge of the pipe line and were instructed to do a resistivity
survey across it, the data and computations would of course
still be the same. Our interpretation would have recognized

cont‘d..l‘..".

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.
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that the pipe effected the data and that the only possible

location for a buried channel not eliminated would be under
the pipe. Therefore the only course possible to confirm or
eliminate a channel at the pipe is to drill.

It was understood that client desperation warranted
grasping at almost any straw and the fact that the client or
their consultant may not have been fully aware of pipe line
implications should not be blamed on us because we did not
pick the area or manage the considerations. 1In fact, at the
outset we inferred and even later stated wheu additional work
was being proposed by Mr. Ramsey, that perhaps a non geophysical
approach would be best. This was covered in our Mr. Head's
letter to Mr. Ramsey on 28 April 1970 and in prior discussions.
Moreover, WE did not recommend the expenditure of any amounts
of funds to drill this or any area as opposed to other available °
alternatives. We did recommend if you want to rule out a ’
possible channel here, it will likely take about four holes
to do it and Mr. Ramsey certainly was at least partially
aware of this.

We did not guarantee water, or even any channel, or anything
else, except to endeavor to assist you as requested and at your
direction. Unfortunately, usually geophysics is only at best
an incremental aid to the geologist or geohydrologist and is
rarely categorical and Mr. Ramsey knows this. Certainly we
tried to hold back all false hopes and if any were conveyed
they were not from us, and could and should have been avoided.

We have no idea why Mr. Ramsey chose to move the work one mile
north-easterly, but that was not our concern or responsibility.

Very truly yours,
HEINRICHS GEOEXPLORATION COMPANY

Walter E. Heinrichs, Jr.
President

WEH/re:

HEINRICHS GEOEXPLORATION COMPANY



HEINRICHS GEOEXPLORATION COMPANTY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-08578

August 27, 1970

Conference Lunce with William A. Ramsey
@ Westward Ho Hotel 12:15 P.M., 8-27-70

Paul Head, Jim Bauersachs, E. Grover Heinrichs

Ramsey stated that the Water District owed him $31,000.00.
They were short funds and in his opinion were trying to get additional
funds any way they can for additional work to find water.

swe Ramsey said categorically that neither the Water Uses Association
nor(attorneys have professional geophysical advice. —

Ramsey picked the spot to run survey in the f1e1d~%4ﬂ#
/Qé reitorated that we were informed of pipe in the field.” #p recalled éﬁﬁ?

D s d&#fﬂﬁm P,

Q? stated that the pipe line right of way was mar S1 '“Woay
every 00 feet. Aowerls puy chew /,d not have occesIion fo /nruezse ALONG

#wfgﬁm Th6ie ERARMY 1igress S cgresS was by a diffeet 5 mmor comvboiet-
]

stated that he thought a mafﬁemat1ca1 calculation should
have been made to correct for pipeline.

We stated that existence of pipe Tine could not be corrected
for matmmat1ca11y, that one would have to ignore the area of the

pipe.

Eﬁﬁqu JM"«Jd MSM«,G MKMWW%
e

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.



HEINRICHS GEOEXPLORATION COMPANTY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

August 27, 1970

Conference Lunce with ¥illiam A.'Ramsey
® Westward Ho Hotel 12:15 P.M. 8=27-70

Paul Head, Jim Bauersachs, E. Grover Heinrichs

Ramsey stated that the Water District owed him $31,000.00,
They were short funds and in his opinion were trying to get additional
funds any way they can for additional work to find water.

Ramsey said categorically that neither the Water Uses Assoctfation
nor attormeys have professional geophysical advice.

Ramsey picked the spot to run survey in the fie]d.’ He

reitorated that we were informed of pépe in the field. He recalled
the area shift.

He stated that the pipe line right of way was marked by signs
every 100 feet. .

He stated that he thought a mathematical calculation should
have been made to correct for pipeline.

We stated that existencé of pipe line could not be corrected
for mathmatically, that one would have to ignore the area of the
pipe.

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.



HEINRICHS GEOEXPLORATION COMPANTY

806 WEST GRANT ROAD, TUCSON, ARIZONA, 85703. P.O. BOX 5671. PHONE: (AREA CODE 602) 623-0578

August 27, 1970

Conference Lunce with William A. Ramsey
@ Westward Ho Hotel 12:15 P.M, 8527-70

Paul Head, Jim Bauersachs, E. Grover Heinrichs

. Ramsey stated that the Water District owed him $31,000.00.
They were short funds and in his opinion were trying to get additional
funds any way they can for additional work to find water.

Ramsey safd categorically that neither the Water Uses Assocfation
nor attormeys have professional geophysical advice.

Ramsey picked the spot to run survey in the field., He
reftorated that we were informed of pipe in the field. He recalled
the area shift.

He stated that the pipe line right of way was marked by signs
every 100 feet.

He stated that he thought a mathematical calculation should
have been made to correct for pipeline,

We stated that existence of pipe 1ine could not be corrected

f?r mathmatically, that one would have to ignore the area of the
pipe.

MINERAL ENGINEERING CONSULTANTS AND CONTRACTORS. GEOPHYSICAL, GEOLOGICAL AND ECONOMIC APPRAISALS.
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Septevber 1, 1970
:ﬁ?’m&m" 3 Lm |
torneys &
Suite 902, l’muriu Bldg. j

177 North Church fivenue
Tucson, frfzona 85701

Dear Vies

‘:ur conversation with Grover m!md is a
weno on a m« ia Phoenix regarding the Bl sm & Doney
Parks Water Users Associati

It is our unéuntmdug that a meeting 1s to be MM ir your
office at 10 a.m. on Septesber 16 to further discuss the matter, YWe will
try to have all parties avallable at that time.

Stncerely,

Walter E. Heinrichs, Jdr.
WEHs jh

cc: Extra Encl.
P. A, Head
J. Bauersachs
E. ct *‘Mu‘
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September 1, 1970

My, Victor H, Verity

Verity & Smith, Attorneys at Law
Suite 902, Trarsamerica Bldg.
177 tiorth Church Bvenue

Tucson, Arizona 85701

Dear Vic:

Furthering your conversation with Grover today, enclosed is a
memo on a conference held in Phoenix regarding the Black Bil1l & Doney
Parks Water Users Association,

It is our understanding that a meeting is to be held in your
office at 10 a.m. on September 16 to further discuss the matter, e will
try to have all parties available at that time.

Sincerely,

Walter E, Heinrichs, Jr.
WEH: jh

cc: Extra Encl.
P, A, Head
J. Bauersachs
E. G. Heinrichs




VERITY & SMITH
ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHURCH AVENUE

TUCSON, ARIZONA 85701

VICTOR H. VERITY AREA CODE 602
LEO N. SMITH TELEPHONE 622-7445
JAMES E. MUELLER

JOHN C. LACY

KENNETH L. ALLEN

A t 7, 1970 - o = =
ugus )

GEOEX
Cablg:
A
Mr, Walter E, Heinrichs, Jr, '
Heinrichs Geoexploration Co, BOY forg , ARIZONA 85703

P.O. Box 5964
Tucson, Arizona 85703

Phone: (AREA 602) 623.0578
Dear Mr, Heinrichs:

As you requested in our telephone conversation this
afternoon, I am returning to you enclosed your Black Bill &
Doney Parks Water Users Association file.

Very truly yours,
’))4?‘“’”"’ Khoettanol
Lynn Hubbard

LH
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Septesber 1, 1970
iy
Suite 902, Tmmﬁu Bldg.
177 Hovrth Church Avenue
Tm, Arizona 85701 %
Dear ¥ics s -
cw conversation with Srover » enclosed s a

[T m 1thmlMuthl lﬂ!lm

hmul ter Users Asscciation,

e | uurundlnm that a meeting 1s to be held in your
office nma.-.nw to further discuss the matter, e will
try to have all parties mﬂlﬂa at that time.

Sincarely,

Walter E. Helnrichs, Jr.
WEHz Jh

ce: Extra Encl.

'Q A. M

J. Bauersachs
£, G. Helinrichs

47



September 1, 1970

Conference Lunch with Willfam A, Ramsey
at Westward Ho Hotel, Phoenix 12:15 p.m, August 27, 1870

Paul Head, Jim Bauersache, E. Grover Heinrichs

Ramsey stated that the Water District owed him $31,000.00,
They were short on funds and in his épinion were trying to get additional
funds any way they can for additional work to Tind water.

Ramsey said categorically that neither the Water Users Association
nor the attorneys have professional geophysical advice.

Ramsey picked the spot to run survey in the field, recalled
shifting the area to be covered at the last winute when the crew arrived
on sito, He reitorated that we were informed of nipe in the field.

- Ramsey stated that the pipe line right of way was marked by
signs every 100 feet. However, our crew did not have occasion to traverse
along this right of way. Their ingress and egress was by a different and
more direct and convenient route via the Eldon Springs road and a Forest
Service road., Ramsey remembered this after being remindéd by Jim Bauersachs,
Ramsey stated that he thought a mathematical calculation should have been
made to correct for pipeline.

We stated that existence of pipe line could not be corrected for
mathematically, that one would have to ignore the area of the pipe.

et
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VERITY & SMITH !
ATTORNEYS AT LAW o é
SUITE 902 TRANSAMERICA BUILDING 1
177 NORTH CHURCH AVENUE " i**
TUCSON, ARIZONA 85701 ¥
VICTOR H. VERITY E AREA CODE 602
LEO N. SMITH g "'ﬂ 'S TELEPHONE 622-7445
JAMES E. MUELLER % ﬂﬁ“‘i
JOHN C. LACY December 30, 1970
ST T
Cable: GEOEX i
1r- y Jﬁ, 971 "‘LLH
gﬁr“ §
BOX 5964 TUCSCHY ARIZUMA 85763
Mr, Walter E, Heinrichs, Jr. Pomsa: (AREA GOZ) 623-0578

Heinrichs Geoexploration Company
P, O, Box 5964
Tucson, Arizona 85703

Dear Walt:

With reference to%Bla.m Bill &.Doney F Parkfl agree with
you that it is best "to let sleeping dogs lie Tn“‘t“he letter to Mr,
Lincoln we laid the cards on the table and I have a feeling that
this is more than his client did, I am in hopes that he has dis-
cussed the matter with his client and uncovered enough informa-
tion to make it clear that there were two sides to the story and,
such being the case, a law suit would not be the best way to settle
the matter, Let us wait and see what happens.

Very truly yours,

; /,(,/"/’— A ) ,\’».““_“,.
/Vicfor H. Verity

P
VHV:bd



December 23, 1970

Mr. Victor H. Verity

Verity & Smith, Attorneys at Law
Suite 902, Transamerica Bldg.
177 North Church Avenue

Tucson, Arizona 85701

Dear Vic:

This will acknowledge your statement dated 18 December 1970
in the amount of $305.07. Ue probably are not quite the slowest pay
in town, but I have had feed-back from some young attorneys discussing
the fact that we were also not the most prompt.

Since the letter from you to the attorneys in Flagstaff dated
28 September 1970, there has been absolutely nothing regarding Black
Bi11 & Doney Parks. If anything at all comes up we will let you know
immediately.

Intuitively, I am willing to let sleeping dogs lie. If you
have other recommendations, please let me know.

We enjoyed Loretta's Christmas card very much. Sounds Tike

you will have a happy and busy season. Jean and Fred join me in wishing
you all the very best of the season.

Sincerely,

Walter E. Heinrichs, Jr.
WEH: jh
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VERITY & SMITH [/
ATTORNEYS AT LAW (fﬂyﬂ:
SUITE 902 TRANSAMERICA BUILDING G(//! s,
177 NORTH CHURCH AVENUE ? /| {
TUCSON, ARIZONA 85701 v:_,,/""”
VICTOR H. VERITY
LEO N. SMITH
JAMES E. MUELLER October 6, 1970
JOHN C. LACY
kmmmu.
GEOEX

Mr. Kenneth J. Lincoln
Wilson, Compton, Egan & Lincoln

Att 8 at L J .\ 2
P. O, Box 650 ) Z ew i .

Flagstaff, Arizona 86001

BOX 594 TUCSoN, ARIZo

Dear Mr. Lincoln: Phone:

I have conferred with representatives of my client,
Heinrichs Geoexploration Company, and there are aspects of
the matter which make it unlikely that Geoex could be held
responsible for any alleged negligence in the performance of

the geophysical work for Black Bill and Doney Parks Water—<—_

Users Association. In order that we may have a better under-
standing, I shall give you some information in this letter which
you may then wish to check out with your clients and we can
pursue the matter further at a later date.

It is my understanding that Mr. William A. Ramsey
was retained by your client and authorized to employ a geo-
physicist to perform services at a location determined by
Mr. Ramsey. Mr. Ramsey then talked with Mr. Grover
Heinrichs and Mr. Paul Head of Geoex and arranged for a
resistivity survey and from that a study to see if any other geo-
physical methods would be useful. The plan was for an inex-
pensive geophysical survey and of necessity once the arrange-
ments had been made and the area selected, Geoex could not
assign Mr. Head to personally supervise field work and that,

I believe, was a fact known to Mr. Ramsey. As in most geo-
physical work, the basic results obtained by the field crew
were to be interpreted in the Geoex office by a geophysicist and
a report made.

Enclosed is a map that was furnished Geoex by Mr.
Ramsey and on which Geoex has shown in red the area that was
originally designated by Mr. Ramsey for the geophysical survey
and agreed upon between Mr. Head and Mr. Ramsey. The map
showed only a proposed water line to be built at some future
date by the Association. The map does not show an existing
pipeline on the designated area.

After the arrangements were made between Mr. Head
and Mr. Ramsey, a field crew was sent from Geoex, in charge

AREA CODE 602
TELEPHONE 622-7445

Cable: Ggogx

NA 85703

Z403



of Mr. J. Bauersachs, to perform the work in accordance with
the instructions of Mr. Head. When Mr. Bauersachs reported

to perform the work, Mr. Ramsey had made a decision to have
the geophysical survey made in a different location. The work
performed by the field crew was done at the new area designated
by Mr. Ramsey. The lines run by the field crew are shown in
black on the map and are completely outside the area originally
designated. The approximate position of the gas pipeline is shown
in blue, having been added to the map at my request.

Mr. Bauersachs has no recollection of Mr. Ramsey
having mentioned the existence of a gas pipeline. Mr. Ramsey
has told Mr. Head that he did so inform Mr. Bauersachs.

Mr. Bauersachs was aware of a wire fence across the site
selected by Mr. Ramsey and took the necessary steps to minimize
the effect of the fence. He says that if he had known of the
existence of a pipeline he would have undoubtedly mentioned it.
Mr. Bauersachs was aware of what appeared to be a road. There
was a fire somewhere in the distance and the Forest Service was
moving a lot of traffic back and forth. It turned out later that it
was not simply a road but also the right-of-way under which the
pipeline was laid. However, this was ascertained only after

Mr. Ramsey brought the matter to the attention of Geoex about
six months after the report had been made. The fact that the
cleared area was not merely a road but a pipeline as well was

not known to Mr. Bauersachs at the time he did the field work.
The Geoex crew did not drive along this right-of-way. Their
ingress and egress was by a different and more direct and con-
venient route via the Eldon Springs road and a Forest Service road.

Unfortunately, the field crew went out to do work in a
given area but were directed by Mr. Ramsey to perform it in another
area where, as it turned out, there was a gas pipeline which did
have some effect on the survey. However, Mr. Walter Heinrichs
has advised me that there is no practical way to eliminate the effect
of that pipeline. Had its presence been known to Mr. Head, it
would have been mentioned in the geophysical report. He did not
know about it and it was not mentioned. In any event, the computa~
tions were correct.

Based upon the survey, drill sites were suggested by Geoex
and holes were put down. Water was found in two out of the four
holes and Mr. Ramsey has advised Geoex that these holes can be
developed into producing wells.

B



I want to do all I can to ascertain the facts. After you
have read this letter I am sure you will discuss the subject with
your clients and I will look forward to hearing from you.

Very truly yours,

Victor H. Verity

VHV/mej
Enclosure

\/ cc: Heinrichs Geoexploration Company



VICTOR H. VERITY
LEO N. SMITH

JAMES E. MUELLER -

JOHN C. LACY
KENNETH L. ALLEN

VERITY & SMITH

ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHURCH AVENUE

TUCSON, ARIZONA 85701

AREA CODE 602
TELEPHONE 622-7445

September 28, 1970

Mr, Kenneth J, Lincoln

Wilson, Compton, Egan & Lincoln
Attorneys at Law

P, O, Box 550

Flagstaff, Arizona 86001

Dear Mr, Lincoln:

I have conferred with representat
Geoexploration Company, and there are ag
make it unlikely that Geoex could be held r&
negligence in the performance of the geophy ¢al work for Black Bill
and Doney Parks Water Users Association, In order that we may have
a better understanding, I shall give you some information in this letter
which you may then wish to check out with your clients and we can
pursue the matter further at a later date,

It is my understanding that Mr, William A, Ramsey was re-
tained by your client and authorized to employ geophysicists to perform
their services at a location determined by Mr, Ramsey. Mr, Ramsey

_then talked with Mr. Paul Head of Geoex and arranged for a resistivity
survey and from that a study to see if any other geophysical methods
would be useful, The plan was for an inexpensive geophysical survey
and of necessity once the arrangements had been made and the area
selected Geoex could not then return Mr, Head to personally supervise
this work and that, I believe, was a fact known to Mr, Ramsey. As in
all geophysical work, the basic results obtained by the field crew were
to be interpreted in the Geoex office by a geophysicist and a report
made,

Enclosed is a map that was furnished Geoex by Mr, Ramsey
and on which Geoex has shown in red the area that was originally
designated by Mr, Ramsey for the geophysical survey and agreed upon
between Mr, Head and Mr, Ramsey. The map showed only a proposed
water line to be built at some future date by the Association, The map
does not show an existing pipeline on the designated area.

After the arrangements were made between Mr, Head and Mr,
Ramsey, a field crew was sent from Geoex, in charge of Mr, J, Bower-
sachs, to perform the work in accordance with the instructions of Mr,



Head, When Mr, Bowersachs reported to perform the work, Mr, Ramsey
had made a decision to have the geophysical survey made in a different
location, The work performed by the field crew was done at the new area
designated by Mr, Ramsey, The lines run by the field crew in this new
area are shown in black on the map and are completely outside the area
originally designated. The approximate position of the gas pipeline is
shown in blue, having been added to the pmap at my request.

Mr, Bowersachs has tion of Mr, Ramsey having
mentioned the existence of a Mr, Ramsey has told Mr, Head
that he did so inform Mr, r. Bowersachs was aware of

a wire fence across the site\sgleeied by Mr, Ramsey and took the neces-
sary steps to eliminate the effect of the fence, He says that if he had
known of the existence of a pipeline he would have undoubtedly mentioned
it, Mr, Bowersachs was aware of what appeared to be a road, There
was a fire somewhere in the distance and the Forest Service was moving
a lot of traffic back and forth, It turned out later that that was not simply
a road but rather the right-of- way under which the pipeline was laid,
However, this was ascertained only after Mr, Ramsey brought the matter
to the attention of Geoex about six months after the report had been made.
The fact that the cleared area was not merely a road but a pipeline as
well was not known to Mr, Bowersachs at the time he did the field work,
The Geoex crew did not drive along this right-of-way. Their ingress

and egress was by a different and more direct and convenient route via
the Eldon Springs road and a Forest Service road.

Unfortunately, the field crew went out to do work in a given area
but were directed by Mr, Ramsey to perform it in another area where, as
it turned out, there was a gas pipeline which did have some effect on the
survey, However, Mr, Walter Heinrichs has advised me that there is
no possible way to eliminate the effect of that pipeline, Had its presence
been known to Mr. Head, it would have been mentioned in the geophysical
report, He did not know about it and it was not mentioned,

Based upon the survey, drill sites were suggested by Geoex and
holes were put down, Water was found in two out of the four holes and Mr,
Ramsey has advised Geoex that these holes can be developed into pro-
ducing wells,

I want to do all I can to ascertain the facts. After you have read
this letter I am sure you will dismiss the subject with your clients and I
will look forward to hearing from you,

Very truly yours,

Victor H, Verity

VHV:1h
Enclosure

cc: Heinrichs Geoexploration Company



rs VERITY & SMITH

ATTORNEYS AT LAW
SUITE 902 TRANSAMERICA BUILDING
177 NORTH CHUKRCH AVENUE

TUCSON, ARIZONA 85701

VICTOR H. VERITY AREA COOE 602
LEO M. SMITH TELENTIONT 62207440
JAMES [, MUFPLLER

JOHItI C LACY

KENMETH L. ALLETE

September 28, 1970

Mr, Kenneth J, Lincoln

Wilson, Compton, Egan & Lincoln

Attorneys at Law

P, O. Box 550

Flagstaff, Arizona 86001

Dear Mr. Lincoln: /\\\\\‘

RN

I have conferred with represeql \v\ g f\p‘y client, Heinrichs

Geoexploration Company, and therei\ ‘xhé‘ of*the matter which

make it unlikely that Geoex could be? Kd\(gs‘pbnsible for any alleged

negligence in the performance of the%\eio{)hysical work for Black Bill

and Doney Parks Water Users Association, In order that we may have

a better understanding, I shall give you some information in this letter

which you may then wish to check out with your clients and we can

pursue the matter further at a later date,

It is my understanding that Mr. William A, Ramsey was re-
taincd by your client and authorized to employ geophysicists to perform
their services at a location determined by Mr, Ramsey. Mr, Ramsey
then talked with'Mr. Paul Head of Geoex and arranged for a resistivity
survey and from that a study to sce if any other gecophysical methods
would be useful, The plan was for an inexpensive geophysical survey
and of necessity once the arrangements had been made and the area
selected Geoex could not then return Mr, Head to personally supervise
this work and that, I believe, was a fact known to Mr, Ramsey. As in

g g T F all geophysical work, the basic results obtained by the field crew were
to be interpreted in the Geoex office by a geophysicist and a report
made,

Enclosed is a map that was furnished Geoex by Mr, Ramsey
" and on which Geoex has shown in red the area that was originally
designated by Mr, Ramsey for the geophysical survey and agreed upon
between Mr, Head and Mr. Ramsey. 7The map showed only a proposed
water line to be built at some future date by the Association, The map
does not show an existing pipeline on the designated area.

After the arrangements were made between Mr., Head and Mr, - _.
Ramsey, a field crew was sent from Geoex, in charge of Mr, J, Bower: \
sachs, to perform the work in accordance with the instructions of Mr, T e




Head, When Mr, Bowersachs reported to perform the work, Mr, Ramsey
had madc a decision to have the geophysical survey made in a different
location, The work performed by the field crew was done at the new area
designated by Mr, Ramscy. The lines run by the ficld crew in this new
area are shown in black on the map and are completely outside the area
originally designated. The approximate position of the gas pipeline is
shown in blue, having been Ltddcd to iho map at my request,

Mr, Bowersachs has no.;recollectlon of Mr., Ramsey having
mentioned the exlstence'of a.ga$ pipeline, Mr, Ramsey has told Mr, Head
that he did so inform Mr\ Bowersachs, Mr, Bowersachs was aware of
a wire fence across the" qlto selected by Mr., Ramsey and took the neces-
sary steps to eliminate the effect of the fence, He says that if he had
known of the existence of a pipeline he would have undoubtedly mentioned
it, Mr, Bowersachs was aware of what appeared to be a road, There
was a fire somewhere in the distance and the Forest Service was moving
a lot of traffic back and forth. It turned out later that that was not simply
a road but rather the right-of-way under which the pipeline was laid,
However, this was ascertained only after Mr, Ramsey brought the matter
to the attention of Geoex about six months after the report had been made.
The fact that the cleared area was not merely a road but a pipeline as
well was not known to Mr, Bowersachs at the time he did the field work,
The Geoex crew did not drive along this right-of-way. Their ingress
and egress was by a different and more direct and convenient route via
the Eldon Springs road and a Forest Service road,

Unfortunately, the field crew went out to do work in a given area
but were directed by Mr, Ramsey to perform it in another area where, as
it turned out, there was a gas pipeline which did have some effect on the
survey., However, Mr, Walter Heinrichs has advised me that there is
no possible way to eliminate the effect of that pipeline, Had its presence
been known to Mr, Head, it would have been mentioned in the gcophys1cal
report He did not know about it and it was not mentioned, ;oA } 4

Based upon the survey, drill sites were suggested by Geoex and
holes were put down, Water was found in two out of the four holes and Mr,
Ramsey has advised Geoex that these holes can be developed into pro-
ducing wells,

I want to do all I can to ascertain the facts, After you have read
this letter I am sure you will dismiss the subject with your clients and I
will look forward to hearing from you,

Very truly yours,

Victor H, Verity

VHV:lh
Enclosure

cc: Heinrichs Geoexploration Company
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July 27, 1970

Messrs. Wilson, Compton, Egan
and Lincoln

203 N. San Francisco

Flagstaff, Arizona 86001

Re: Black Bill & Doney Park Water
Users Association
Job No. 403-69

Gentlemen:

1. We were asked and agreed to run a very tight economy
budget survey and stated at the time we could promise little
for the magnitude expenditure proposed. Moreover, we stated
we were discouraged regarding the practical applicability to
really help.

2, Nevertheless we tried to accommodate Mr. Ramsey and
his client because of awareness of seriousness of the water
problem involved and therefore agreed to try to assist as
requested.

3. The pipes would have had little or no effect if work
had been done as originally discussed, proposed and contracted.
However, even after moving the location at Mr. Ramsey's last
minute field request, the pipe effectts then encountered would
not materially change the gsophysicnl conclusions or recommend-
ations regarding the tiny area chosen and covered. Regardless
of pipe effect, a channel was technically gggiib;c. because
it is not feasible to quantitatively correct for pipe lines
effects, or to look at any given set of data and say it is ALL
pipe effect or NO pipe effect. However, if we had prior
knowledge of the pipe line and were instructed to do a resistivity
survey across it, the data and computations would of course
still be the same. Our interpretation would have recognized

cont’d.’..'!'ll



cont‘d'....l

that the pipe effected the data and that the only possible
location for a buried chamnel not eliminated would be under
the pipe. Therefore the only course possible to confirm or
eliminate a channel at the pipe is to drill.

It was understood that client desperation warranted
grasping at almost any straw and the fact that the client or
their consultant may not have been fully aware of pipe line
implications should not be blamed on us because we did not
pick the area or manage the considerations. In fact, at the
outset we inferred and even later stated when additional work
was being proposed by Mr. Ramsey, that perhaps a non geophysical
approach would be best. This was covered im our Mr. Head's
letter to Mr. Ramsey on 28 April 1970 and in prior discussions.
Moreover, WE did not recommend the expenditure of any amounts
of funds to drill this or any area as opposed to other available
alternatives. We did recommend if you want to rule out a
possible channel here, it will likely take about four holes
to do it and Mr. Ramsey certainly was at least partially
aware of this.

We did not guarantee water, or even any channel, or anything
else, except to endeavor to assist you as requested and at your
direction. Unfortunately, usually geophysics is only at best
an incremental aid to the geologist or gechydrologist and is
rarely categorical and Mr., Ramsey knows this. Certainly we
tried to hold back all false hopes and if any were conveyed
they were not from us, and could and should have been avoided.

We have no idea why Mr. Ramsey chose to move the work one mile
north-easterly, but that was not our concern or responsibility.

Very truly yours,
HEINRICHS GEOEXPLORATION COMPANY

Walter E. Heinrichs, Jr.
President

WEH/re:



April 28, 1970

Mr, Bill Ramsey
1222 E. Missouri Ave,
Phoenix, Arizona 85014

Dear Mr. Ramsey:

A good many weeks have passed since Jack Young delivered
your photo-mosaic of the Black Bill Area to our office. After
assimilating the reports you left with us and looking over the
general topography we have reached the conclusion that small
bore drill holes will be the quickest and most economical
approach to locating usable ground water in this area.

Seismic methods would very likely be of great assistance,
but to obtain data to the depths needed it would be necessary
to employ multi-channel systems and explosives. This would of
course become somewhat more costly than less elaborate seismic
techniques.

Magnetics might also offer some help but we doubt that
any quantitative evaluation of structure or depths would result.

Electrical methods will all be seriously restricted by
the large pipe line through the area, however, useful inter-
pretation well away from the pipe is possible. To obtain a
satisfactory interpretation of the subsurface, the area of
interest will need to be very completely analyzed and would be
quite expensive relative to resistivity surveys we have done
for you in the past.

In summary, we would expect that the ideal program for
the Black Bill Area would entail about one month in the field,
possibly using more than one method. This combined with the
office work required would be estimated at about $5000 to $7500.
We expect that this amount could be at least as well spent using
a 2" rotary drill to test for water bearing strata,



cont'doooo- ' - 2 -

If you do elect to drill rather than pursue the geophysical
approach, we strongly recommend that a competent hydrologist
be on hand at the drill sites to log the cuttings.

We will contact Jack Young and have him pick up the
mosaic this week.

Sincerely yours,
HEINRICHS GEOEXFLORATION COMPANY

Paul A, Head
Geophysicist

PAH/re:



27 January 1970

Mr. Bill Ramsey
1222 E. Missouri Avenue
Phoenix, Arizona 85014

Re: GEOEX Job #403-69
Dear Bill;

I received your letter of 24 January 1970 and have reviewed
in part the data in the light of the new drill information. It
is still a difficult problem and perhaps some discussion with
you would be beneficial to help untangle it,

I want to point out these discussions will of necessity be
charged to the project at the rate of $18,00 per hour.,

We will be looking for you tomorrow afternoon.

Very truly yours,
HEINRICHS GEOEXPLORATION COMPANY

E, Grover Heinrichs,
Vice President

EGH/plp



O LRSS

M

T

PR

Mr. Bill Ramsey

1222 B, Missouri Avenue
Phoenix, Airédroa

27 January 1970



To Seek waterif
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-~




) (@) ) () @) O 1 race
HEINRICHS GEOEXPLORATION co. PROJECT. xm:fm,\ (403 -69. &

7 I. P SENDER NOTES LINE_2__ HALF_£__SP_L__DATE/i-z
o Ol \g-¢ Nufya 57 Vz-/3le-8 | 2-/01 729 |ro E-s0
RECEWVE 825 -50|2-5-25156-25|c0-r0.8) 7.5-100 752 51 /0-~42.5 |s8.0 y5.0) 12.545.01 425~ 2. &
RANGE
VOLTAGE 54040l 4/0/nl 44010 £7040|l 90820 Qo0Ls | B7O0) ol A0 204 750 Lo
CURRENTLL.2 L&, S 103 105 loe 106 1o.3 1046 106
SEND - /2 7-/ Jd-3 VL r6=22 1 2/-/3 O AL C AL
RECEIVE #5024 /5.0-20 |/7.52 762951 36-25 s-7 1 8-9
RANGE
o Tace 450Lo| (301, | 7040|530/ 0|830Le Leo |540

ent]10.% 100 [0l 103 0.9 03 loé
FREQUENCIES _____ 2./ COMMENTS :
SENDER NO. /347! HK]
OPERATOR 1 Cetoh
RECEIVER NO.
OPERATOR I.m B




{. ( ) C { ™~ PAGE
O O O O @4
HEINRICHS GEOEXPLORATION co, PROJECT \&wam¢ - 403 JouE
| .P.RECEIVER NOTES LINE _2___"HALF _Zc< SP_Z__DATE £744_|
S’ 250" Seo’ Soo 250 LS00 250 500 —
2Z€50 Looa p I /750 / 5a8 7 Soo 1250 50
P - A ./ Y4 ard Al
, 55,9 3L.0 1.9 v4.y 279 414 |éos
34.6 48, & 30.& 32.2 4¢. 3 3.8 £2.0 Y
22,9 5.2 32,7 25 § yif 3 29./ ¥7. & 39.0
344 4.5 294 33,4 7 3¢ Y. 2 6102
5.5 3¥0 250 L 2535 485 57.%
v 262 3% 49.0 3Ry Y05 2.3
53.0 34.7 17,7 ¥ 28.5 49.0 7.0
Yo A7. 8 5,4 Y9.¥ 3.5 Yo, 6.4
3265 1233.93149%.9 L3I0/ 29.7 4538 |go.6 1945 leo
AC NoIsH

PoT. RESJ




o @ o O O O o[
HEINRICHS GEOEXPLORATION c0. PROJECT “Sdnt& do3 Soas €
| .P.RECEIVER NOTES LINE _Z__HALF £ SP___DATE i |

SEND 266" 540 250’ Soo ' 2567 Soe’ aseo’ See’ 250 Ssa

RECE | VE |oee 1000 950 9155 Zod Soo 230 258 o )

RANGE ol o=t . Lt ol V) iT ot W of

DC 1 439 |39-6141| 40.1 62.4 L 2.5 |33 343 A 624

DC 2 0.9 25,9|3.0 | 42.9 63.2 ¥2.9 59.¢ /8 348 4 7.0

DC 3 43 2 35,913.0| 395 P 7N o/ 138 32./ 459 9L

0C 4 4.6 s B2 X &l Y3,/ 60,7 /32 35,0 ¥/ o 0.6

DC 5 42,1 37.5| 50| 395 65.6 433 b0.0 33.0 6.6 Lmﬁm

DC 6 %7 22,7 5% | 439 5Z.¢ Y3 g 63.1 3¢4.7 3,9 70,2

DeC 7 42,2 1327|328 ]3¢ 4. 2.4 38.7 22.2 |40 70,/

 0C 8 420 20, 8| 214 | H.0 ¢3.1 y4l.y b3 f 3¢5 |¥%0 70.0

lflfs. @y %3029, 1,24 1435 Wpy) 115G [33.9 1950 190

AG

AC 2

AC_AVG.

S.P.

AC NOISH

PoT RES.




ﬁ' » ) Y f P o 4
. ® €. © @ © 0. ¢
. HEINRICHS GEOEXPLORATION CO, vmo;mo;. fomses ~ do3 ~egE
| .P.RECEIVER NOTES LINE _2__ HALF dec _SP o>._.mr&m|

SEND =¥NW° Son " 2502 | %5587 Z5o0 ’ %06’ 250" 500’ | 250° So0 '
RECEIVE || 252 250 Seo Soo 750 750 (000 rove | /280 /280
RANGE o € . ) o) 05 al of 4 o ! >

DC 1 s3.5 | 3% oo |28.0 Juwz liby 9.6 32.¢ #s.3 54,1
DC 2 57.8 29,7 Yp. 0 a7/ #3,.9 5. 6 87,06 29. & £5.5 57.6
DC 3 346 3%.2 s, 2 28,7 Y3,9 ) 9 ¥ 319 €5, 8 57.5

DC 4 50.§ 27.6 4.8 26.? 4.0 576 §6.3 29.4 45,6 S
DC 5 35,1 35. 8 287 43,5 6 9,7 34.0 86. 1 5.9

DC 6 9.4 2.2 263 - |#o 5%.2 %, 3 285 $4.9 Se.2
DC 7 55, 3é. 2 19,2 435  |ek. S 9/l 4.7 §4.3 60.2
DC 8 ¥2.3 8.5 25,8 u4.0  |sg7 5¢.2 1229 $4.2 54,0

| e

J:L“:. 525 132.) 140,/ 1226 {739 le)S 1820 V240 1254 Lahy
AC 2

AC AVG.
S.P.
AC NOISH
poT RES.




) o O O Qo O \mﬁm
HEINRICHS GEOEXPLORATION co. PROJECT \W\W\Svm.\\\ o3 Q“QEN
" | .P.RECEIVER NOTES LINE _2 _HALF_2£LSP_/ __DATE £
SEND 250" | Seo aso’ | Ses’ S0’ cac ) | cac 2
RECEIVE || /500 |/300 1150 1350|2000 Soo’ W(E)| & 9
RANGE of 2 § W i wf
pC 1 4o. g 59.€ 82.5 29.0 0./ 37.9 Sond
Dc 2 43,0 s¢.€ 6.5 47.3 7.0 32.0 bo. 3
DC 3 Ho.¢ 5€.8 3d. 2 279 79.5 2.9 b0, 2
DC 4 3.7 |s&q £7.0 24,8 |89.0 320 é0.3
DC 5 yo.2  |5%% £.7 26,5 | 11,4
DC 6 3. 2 284 §§.0 29,9 F0.0
pe 7 0.0 59,0 0.7 425, 9 TS
 0C_ 8 ¥3.5 |5%.S €%.3 30, / 77.9
L /.8 589 1847 |98.3 |54/ 3/4457) L0, 357
1
AC 2
AC_AVE. . .
S.P.
AC NOISH
cc T..RES |



HEINRICHS GEOEXPLORATION COMPANY

INDUCED POLARIZATION SURVEY COMPUTATION SHEET Page ,/
Projecty/)7- 49 Line Z -sp/ Field datey-/7-47 Data page / Comp. date . Comp v%m\,m 17cH |
Gy W/ |
(A) Send /7 2=y | /-2 -t S Z-T SE 1z |s=2 lo~s— g
(B) Receive 25 -20 L2s-/2514p-/25" QO[S Y25/ VIAS-LRSYS)AS |f5/0 2.5-/0 [/2-525
(C) -amsepaveatden™ (/). /|| 5/ 20 257 < 257 ) a2z sz laspo 5w
(D) 1 w 4.3 4.3 0,3 .37 103 2.3 2.7 103 |»nz l0s
(E) Vdc (avg) 5.2 lss.9 2.9 134/ 474 1292 453~ \pod | 445 &0
(F) DCcal y G937
(G) Kn x 10-3 i L V.75 A0S 1.2 15 5 1485 .2 lag”
H) dc=ExFxGx10~/D /5 8 159 /17 146 )07 733 Vv Ix7 144 | 262 | 1<y
(1) “vacg . il 7 ’ 7
(J) AC noise x 2
(K)Vac(corr) =Y 12 - 32
(L)AC-DC cal.
M) ® dc/Pac=ExL/K
(N) PFE=(M-1)(102)
(0) MCF=(M-1) (102)/H
Project Line Field date Data page 2 Comp. date Comp by
(A) Send -4 J-9 £-2 £-/0 | 72-F g-/ |9-9 10212 |CHL 20 \/-/?
(B) Receive W-2 \-$2 V2 Csp 125-2.5Nc0-25 \sT0-00125-0,0|258-257 | -9 0-2.5 lo-<¥
C) -n—separatien? (uiz||757 20 |25 2 22 |\sew 2s7 s?Pp | s22 250 S20
D) I A 4.3 2.2 g2 2.4 4.3 2.6 a9 0.2 10,3 0.3 0.6
E@M (avg) 2./ 1202 |4« ey 43,8 |/ (26 |32 3.9 4570 | 20
(F) al <339 Z ik
(G) Kn x 10~° ; 2 L5 05 /5 T 758" | 45 . IET Ly
(H)€ dc=ExFxGx103/D 29 j¥2. 3-8 7 145 Liwg L4943 | Jeb |37 I R TE L
1) Vac £ .
(J) AC noise x
(K) Vac (corr) =y L - J2
(L) AC-DC cal.
_ZWQQ\Mmo =ExL/K
(N) PFE=(M-1)(10%)
(0) MCF=(M-1) (102)/H




HEINRICHS GEOEXPLORATION COMPANY
INDUCED POLARIZATION SURVEY COMPUTATION SHEET

Page

Z

Project $/A5-57 Line Z- 5 / m.wmz\nvm.n g-/?- 67 Data page 35 Comp. date . Comp bylZ/ 7z
£issy’ : £/ 27

(A) Send /A P24 V12 s=2 V\jfayg7 |£-F 740 | 7-9 \w-4 |-
(B) Receive .57 Ws=2¢ \v-05 lso-p0 1252 Vsrz20p-28 -4 Va2~ Vzs=/25]
(C) e - ) 5|27 Y0 25 |smo las2 s lasp lcpp 1z 20
(D) I g 0,3 0.3 23 0.3 /2551 W 2.4 2.3 o0:¢ 2.6
(E) vdc (avg) s25 1z2.4 147 226 14379 6.5 1592 \z/3 204 <5/
(F) DCcal 996

G) Kn x 10-3 S LY il 15 2 /.5 %L i ¥/ sl Y - L5
((H)"dc=ExFxGx10~/D 137 0 | 200 1122 1 7oy 2573 | 11/ 15¢ 06 | 148
(I)“vacs ] '

(J) AC noise x 2

(K)Vac(corr) =Y 12 - 3%
|(L)AC-DC cal.

M)Q dc/Qac=ExL/K

(N) PFE=(M-1)(102)

0) MCF=(M-1)(10°)/H

Project Line Field date Data page ¢ Comp. date Comp by

(A) Send v=-/2 |\ -y | 22-172 \0-/2 | y-47 C AL

(B) Receive /25 V=20 | /2.5~20 Va2 5" |2p- 25 2-/0

C) n—separation - Lodl 20 | 570 22 sz | qp2

D) I 8 2.3 0.6 Db 0.3 109 . b,

E c (avg) 4082 2.9 1gv9 1283 94/ 80,25~

(F) ‘vCcal XX

(G) Kn x 10°3 I Pl Vs 13 /5

H)& dc=ExFxGx103/D o 147 85 | )9 | 140 LEG

(1) Vac 5

(J) AC noise x 2

(K) Vac (corr) = - J

(L) AC/DC cal.
{((M)dc/Qac =ExL/K

N) PFE=(M-1) (10%)

(0) MCF=(M-1)(102)/H




N O O O O @) \Eom
89 . HEINRICHS GEOEXPLORATION CO. _umOLqu.IREn*E

I. P SENDER NOTES LINE/ _ HAEBFrS 7Z2SP_7__ DATELL-L |
SEND -2 |&-4 |)-& |3-5 |2-3 |4~-& |74 |77 |4-F|+£-8
RECEIVE §25-30 |225-/79180 125 |20 —15 YZ8-15 YZ51025 | /5028t r5-10 Y2570 12-5-24]
RANGE . u\be " gv0’ | zs0! Joo 250 Ap0 ' dro’ | s’ | 250 | 5007

VOLTAGE o VéorLo QBOLn 8: Olg |550L0 63000 G040 | OLo | 250L0
ocxnmz}\ PRVITA": ) O L iAmp Ldng Logd LiAny | [Any

SEND 501929 16-7 |8-/D|\7-8 |9-4 18- |jo-12195=10]}/-/3
RECEVE § /0,95 lip -84 | 2.5-500 2.5~ 240 5:025|50- 0 |25- 0 |205-25|p 2.

9-500
RANGE 2450 500" 250" seo0’ 250’ |s00" zso' sve’ lzs0’ |s5067
VOLTAGE | 7380l (GOL o | E61o | 29010 | BLOLo|5¢blo | 7601 0]010Ls | BLOtol o0 te
[l Entl .94 (004 1034 10.74 Le.94 m|m‘h 03410464 1p,.9410.3
FREQUENCIES ____ £:/ oozgm&qm"

SENDER NO. /34 7/~ 5

OPERATOR nevita w\_m@

RECEIVER NO.

OPERATOR 7 im 8.

.




A

: O OCH0 O Q O @ | =
@ HEINRICHS GEJEXPLORATION 0. PROJECT _Kassey 903 -6-5

I. P S ER NOTES LINE_Z___ HALFA4A _SP_7__ DATE.Z-&
SEND -l 4-¢ V-2 |57 112-13|6-8 |5-v0 |7=7 lio-y |8-/0
RECEIVE 42 235508 | 507550108\ 1.5-40 |\ 2.5 /2.5 e - 176 | fp.0-s5 2.5 /501)2.5/2d]
RANGE 250’ 500 | os0’ | 500! 50’ | se0! |lgso” | 00’ | 2507 | 5667
VOLTAGE | 560,030 0177040 |460Le | 2/0Lo |860Lo |660Lo\500L 0 B30 Lo |
CURRENT m.@mﬁmﬂ 0:34 184 193 2.2 I\éw\. 0.4/ 0.34 17404
SEND -4 L i2-13| 10-12] /}-/3 C4L | CAL v
RECEIVE /5.0 /741 17.0-20117.7-20| 17.5-X4 Q& 2% m\...m 9-10
RANGE 250" | 500" | 250" | 5007 so0” swe’ | 250
VOLTAGE | 570L0| 54D/ | 54610 | 880L 0] 290 Lo 6 J¢Yto
ol entl0.341p:3 10,3 109 193 R«ME%
FREQUENCIES 0/ COMMENTS :
SENDER NO. /3/, 7] - 5 .
OPERATOR M. Ole )
RECEIVER NO.
OPERATOR T m P




ﬂ
_
_

: ﬁ\\ f\ O @) ,L (v / h
HEINRICHS GEOEXPLORATION CO, vmo;mo._. \Qh\xfmm:\ 03 bue
| .P.RECEIVER NOTES ¢ LINE_/ HACF =M spJ DATE 22
[seng [Ge) T30 [22) JGa] [Ge ]| = |G |(seo) a5) |(522)
RECEIVE |[2800 250 2o00 2eop 128¢ " | r750° | 4500 L) 1as0’ |12506°
RANGE 4 20| -340 320 (00 300 | 300 | 300 100 | 30 100
Dg 1 /24 769 /3% 99.5 /47 /71 /53 7.0 /5% 635
DE 2 /9 704 +37 1006 /‘To /3 /5 68.2  |rer 63 o
DC 3 /20 /02 /3% |294 - A V4 15% i 5 |iss 6 ¥ &
DC 4 /9 104 /31 /00 & /57 /3 /153 68.1 l6r 2. &
et 5 /55 cb.0 6% 1
DC 6 /52 /52 &9. 1 624
DC 7 /Y /5¢ 057 CS, 0
| DC_8 - /53 /52 675 2.0
QT
AC 1
AC 2
AC_AVE
$.P.
AC_Noisq|
poT [RESJ




.O_

O

O

HEINRICHS GEOEXPLORATION c0. PROJECT

| .P.RECEIVER NOTES

LINE _/__HALF_Z5SpP._2 DATE

,\)/

O

AMU

AMSEY %203

2% )| B0/ |(2%50°) |(322) |l2s0) [ S/ (250) |(5a0) | |/ 250'] |{B20)

RECEIVE | @a0” | 7200° | 950 93s S0 304 250’ 235" 0 g

RANGE 200 | 200 100 100 | 100 70 . 300 00 | 20 | /M

DC. 1 777 3.5 22./ 457, 57.9 29 ¢ ;47 d¥o /52 y0.0

DC. 2 /61 38.5 &2.9 45,2 H.S Jo. ¥ /47 8/, 17 /55 Yo, &

DC 3 177 ¥3.¢ §1.2 Yy 5 S5¥5 5.9 7 8 ¢ /52 78.7

0C 4 767 3%, 2.9 4<.6 |50, 0.8 /47 34.8 155 4.5

DC 5 435 Ja./ 43,9  kz7 290 95./ 38 5

DC 6 37.§ 3.0 Yoo |42 & 2.6 80.1 42,0

DC 7 175 8./ 43.8 5462 |Rg97 35.8 8./

DC_8 372.2 73.0 . | /9.5 30. ¥ 8.4 72,5
TS

AC 1

AC 2

AC AVG.

S,P.

AC NOIS -

poT RES.




® & 0 ®© o o. %
HEINRICHS GEOEXPLORATION c0.. PROJECT \mﬁ\w\\@mw& £os Py
| .P.RECEIVER NOTES LINE _Z __HALF_4 __SP_J__DATE

SEND =\umﬁ Y |(500) |(255) =20) (A56):  |{S00) (250) [ Seo) (A%0) |(See)

RECEIVE || 230 250 300 500 150 150 Jooo (600 1250 |r2zs

RANGE 00 /00 100 /00 100 300 300 1.100 | .o 300

DC 1 453 |uz2 45¢ |35%2 4.5 /79 /4 Be.o A /0

DC 2 rZy S0, ys.n  |éoé 45,2 36 14 435 |45« 147

DC 3 450 451 5.9 |8.% 4.9 /32 /3% 365 4.0 738

DC 4 48 0.0 ys5.5 6.7 48,1 /36 /¥4 92,8 Yt & 73

DC 5 P Y7 5,9 |<7% 47,0 /78 £1.¢ %8.9 /3§

DC 6 ¥g.3 0.5 A £2.2 44,0 /47 §d.1 .y /49

DeC 7 YS. & ¥8.2 %.6 57.4 40 & /37 58/ 44.0 /37

0c 8 7.5 £0.§ 454 2.2 454 14§ §/.8 43§ /150
M NG.

G

AC 2

AC AVG.

S.P.

AC NOIS

PoT RES.




} P PAGE
H,(b O & 5 ,,,\V @ y
zm_zfn_; GEOEXPLORATION c0. PROJECT m.:\?n.%n‘\\ 45 “/
| .P.RECEIVER NOTES LINE _/__HALF_~_sp_2_DATE_/4
SEND __mpmo Goo) | (ag") [(300"] (504) AL I | (v 2
RECEIVE |[/5¢0 |/5m + 758 | /7%0 2005 ZSoo' ) 520" 1/(9)
RANGE 100 00 0 399 00 100 100
DC 1 c28 |s57.5 /04 77 | 3z0 27 bo.5
DC 2 59 & 54, 9 /3 /77 41,7 62.1 bo. 7
DC 3 b2.6 573 /o« /77 3.9 62.7 bo-S
DC 4 59.9 S2.6 /5 727 44.9 02. | 4.7
DC 5 3.0 5§72/ /04 54,8
DC 6 59, 2. 572.8 /5 ¥l.0
DC 7 63, ! 56.9 SY. ¢
DC 8 59. | S&./ 4.7
|i._/ Mzm. 567 3%, 3
AC T
AC 2
AC AVE
S.P
AC NOISH




HEINRICHS GEOEXPLORATION COMPANY

I) Vac £

7

(J) AC noise x 2

(K) Vac (corr) = - J

(L) AC-DC cal.

(M)@dc/@ac =ExL/K

N) PFE=(M-1)(10%)

(0) MCF=(M-1)(103)/H

INDUCED POLARIZATION SURVEY COMPUTATION SHEET Page < ,
Project gp3-¢ 9 Line /- 2.3 Field dateg -,»-< 5 Data page . Comp. date . Comp byC . A/ ,
A 22
(A) Send 10 = J-¢ Wi V-7 Vjo—vz31e-8 | 3-70 | 7-6 Vio—p | &0
(B) Receive 25501 12,5251 50-2c W0 ~sol2s-vo Vasapo) r0s2851 2075 | s25-s5 Vzs =105
(C) msepewetion ; .yacylos0 200 | 250 560 | 2s0 | goo 20 | o0 | 2450 | 400
(D) 1 “1 0.3 Lo V0.3 0.6 "t no2 1z 09 loe g3 | 40
(E) Vdc (avg) N0 |97.¢ 9577 Voo |44 5085 | j90.5~ 1646 gz 2 173
(F) DCcal .99/ . ‘
(G) Kn x 10-3 25 Zg e 257 Vi | iBa e TooB P W el ) = P
(H)Y™ dc=ExFxGx10°/D__— || ;5 | 74 13 /4 L/ 204 | 48 /o | 15 las2
(I)Vacy i . :
(J) AC noise x 2
(K)Vac(corr) =Y 12 - 32
(L)AC-DC cal.
M)® dc/@ac=ExL/K
(N) PFE=(M-1)(102)
0) MCF=(M-1)(102)/H
Project Line Field date Data page < Comp. date Comp by
(A) Send /12 g - 2242 Vio~v2 | 4-/3 274
(B) Receive =25 W20 /2520 l5-22.41 20-25 =20
(C) n separation o250 | 5007 s0’/ | spo’ | 560
M1 .3 0.2 | 0.3 0.9 |0 3 Bl
(E)} e (avg) (42 V523 |reg.s | 122 |50 8
(F) DCcal ' 9%/
(G) Kn x 10~° e 28 L 5 v 75 A 2 20, G
(H)€ de=ExFxGx103/D (52 1289 |22/ 292 |os7



. g \Q,.“%\u\Nm\
b\\%.hx(ﬂ

HEINRICHS GEOEXPLORATION COMPANY
INDUCED POLARIZATION SURVEY COMPUTATION SHEET

Pa

ge (

Project /35~ £9 Line / — ;. 7 Field date/-/2-4£7 Data page / Comp. date . Comp by(2 rcs
Kamsey ’ A

(A) Send /=3 2-9 272 I T~ 12> <-4 oo | 5=2 |-~ |€-%
(B) Receive 520 51225205 20-/2.8 \20-4" S /2545 Vo /st =2 sl /0 | 12.2 /0 110 . 5225

(C) n—separation Z (ool s7p/ 20’ 2597 s’ | 259’ s20” 2577 Vs’ la2sp” | sz’

M) 1 10 /0 4 2.2 2.9 LD /0 o6 i 7]

(E) Vdc (avg) (2.5~ V1035 | Josisy | 77751748 ¢ | 105" 1356 laze /525 145.9

(F) DCcal , 54 /5.3
Ex BU=2 . e Fa g oo Lhiat § 20 L d | coe Lo Voga ot Jut
(H) ! dc=ExFxGx10~/D P72 V2 V209 1yao | 129 a6 | dpr ez | 275 | 97

(I)Vac®

(J) AC noise x 2

K)Vac(corr) =Y 12 - 32

(L)AC-DC cal.

(M) Q dc/Qac=ExL/K

(N) PFE=(M-1)(102)

0) MCF=(M-1) (10°)/H

STA 133
Project Line Field date Data page Z Comp. date Comp by

(A) Send {6 7-9 £-7 £-/0 7-5 -/ £-9 /012 | CHL P-/L /= /T
(B) Receive /f-2.5 Wp-<2 V22 |\ 2 -2.51C0-2.8 Nco-02 2.5 2.0 |\ 2-582M = 7 g=2.5" | 0- 70
(C) m=separation 2 (sull257” 0’ V2asp’ |\szp’ N\zer lsww’ |lz2sp’ |\ sz’ | sp2” 2577 S0/
D) 1 4 9. 4 N, 7 27 2.7 7,5 0.5 o & o6 /X4 2.2
(E) idc (avg) (22 1908 82,5 |95 01522 (298 /4 1827 |o2.¥ (5357 48, 3
(F) DCcal ' 96/53 1 F6/53 179/

ﬁOV Kn x HOIU \\NW \\W\ \Nw\ /15 \Nu\ /.S » 7S \..,u\ )y 75 A%
(H)€ dc=ExFxGx103/D 139 |98 b G 22 a2 1443 i85 | 189 128 200

(1) Vac &

(J) AC noise x 2

(K) Vac (corr) = J

(L) AC-DC cal.

(M)@dc/Qac =ExL/K

(N) PFE=(M-1)(10%)

(0) MCF=(M-1)(10°2)/H




% \| .
Lo O O Ere ¥1 © O @ |, rree
HEINRICHS GEOEXPLORATION co. PROJECT L2740 -c ke )
" =P .RECEIVER NOTES LINE _Z___ HALF SP_._DATE |

SEND i 2 s d 5 V4 “ & g /6
RECEIVE || 5 19 20
RANGE 3000 2000 3000 | 3000 | /000 | /000 | . 300 | .300 oo | . Seo
DC 1 /G0 /¥56 1320 //70 6L |972 w3 /73 /30 /32
DC 2 22006 /7.90 /348 /779 Sl 2/6 /14 /27 /30
DC 3 220 1§50 1220 /) 70 G621 972 204 /13 /30 /32
DC 4 2200 /743 /34 /70 P61 970 A3 ;14 /27 /3
DC 5 207 /37
DC 6 A 130
De 7 A04 /32
DC_8 20! /30
ol he. A0 /32
AC 1 210 /29
AC 2 3%
AC AVG.
s.p. T [[-249 |- 30
A cYEEY 7PV ) yrav ) [vesen | 3vsri[4oov V|56V Y [ Aeov v [305v P [ TS5y R | 59K Y
por REs) /¢ 2% 2¥ L4 72 | 224 |2a¥Y | 24 |24 XV,




29 o o @ o o],
HEINRICHS GEOEXPLORATION CO, _umoc_mo._. k ‘ 4593
| .P.RECEIVER NOTES LINE - _ I>En SP DATE ——

SEND | /2 /3 /& ol )
RECEIVE || . 300
RANGE t= 300 |.300 | +Joo
DC 1 /77 /62 /17 203 3 74
DC 2 /12 /58 /7 7 284 379
DC 3 /27 /67 /17 202 374
DC 4 e /5§ /¢ 20¢ 274
DC 5 /17 02
DC 6 //é 20¢
De 7 202
DC.8 208
|ﬁ Ne.

1
AC 2
AC AVG.
S.P.
ac Nofosdl 3€2VN] SoSVH 1%V | 240Vl £o0v L
POT _«m_r.__.w«\ .34 3¢ 1.72 35




N\Qm; ner %@\\\r\\m&& # 1

HEINRICHS GEOEXPLORATION COMPANY

pxe

INDUCED POLARIZATION SURVEY COMPUTATION SHEET Page /
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