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00-00-0000: soils log of the mesa verde well

of the Mesa Verde weoll

2% ft. teessennsa Snnd. yoll-
80 ft. sesescoens Sand, yellow
60 ft. sesesssosn Shale, gray
76 f£t. eecesssasna Sand, yellow
100 n. eoccsv0000 m. ml.
120 ft. sesssensen Shale, gray (m.) 1
m “! ®oevesacse “ﬂ ‘
Zw “l esesvensve - m
385 ft. sse00snnse Sand
400 b, sssasseses Simle, brom )
405 £t. enscossvee Linn Shells (hnﬂblhll)
530 ft. Shale, brown (water small volume)
666 Pbe  soscccescs Sand i“‘f) -
708 £%. sssvvssace Shale
770 £t. veseonssus Sand (“.)
790 £t. sscevscevw Shale (‘3‘“. mi.n‘)
830 f£t. sesesensss Shale (‘m 13,500 gals. per “’)
) Water standing 450' in hole;
necessary to case.
886 fte. eevessaces Sand (Puut m) ?
1060 f&. sssssseses Shale
1060 ft. svecessnns Sand
1098 ft. eevsevesane Shale
1120 fs. ssssenense Send
1178 £6:. eccesccone - Manoos shale (m‘ of 10" ’1”)
3352 ft.  'siie.ev...  Dakota sand (very hard shells & cap rock)
3432 ft.  evveverees  MoElmo shale (green) '

3553 fE.  ecuvneens . McElmo shale (green and red)




00-00-0000: excerpt from memo of january 2, 1948, the following costs for pumping water from the well - fy info

Excerpt from memorandum of January 2, 1948, for the Director
from Regional Director M. R, Tillotson.

Superintendent Rose reports the following costs for pumping water from
the well:

Period Gals. Water Pumped Cost Cost per M Gal.

1940 Fiscal Year 5,009,700 $5,716 $1.14
1941 Fiscal Year 5,468,100 4,307 79
1942 Fiscal Year 5,706,340 4,358 76
1943 Fiscal Year 2,208,104 2,670 1.21
1944 Fiscal Year 468, 546 1,775 3.79
1945 Fiscal Year 1,213,900 2,357 1.94
1946 Fiscal Year 2,286,900 2,845 1.2
1947 Fiscal Year 3,895,000 5,816 1.49
1948 Fiscal Year 5,200,000 8,000 1.53

Other Supporting Information




04-29-1949: memorandum to regional director, region three from nps regarding the deep well at meve, doesn't constitute the type

UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE

ADDRESS: WASHINGTON 25, D. C,
THE DIRECTOR, NATIONAL PARK SERVIGE

APR 29 1948

HMEMORANDUM for the Regionsl Director, Region Three.

The memorandum of April 15 for you frem Mr, Rose, concerning
the deep well st Mesa Vende Nationsl Park, does not constitute the
type of engineering report which we requested by memorandum of

““u

to keep

If it becomes necessary to drill to the bottem of the aquifer,

it should be & winter job and should be attempted only after a full
test of operation under conditions now existing for the
season, and as much of next winter as possibl

comi
¥We shall want a complete record of pump operation from
cent resusption of operatiens until we are ready to use the

$
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S¢D) CONRAD L. WIRTH
AvVD:sh, hoting issistant Direetor.

cet Mr. Vint, with copy of Mr. Rose's memo of April 15.
g @_ Eittredge,” ® o ® w "oon " "

qm’ L) L ] L L] " L] "




04-15-1949: memorandum to regional director, region three from nps regarding meve deep water well, report further on pump oper

COPY

UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE
MESA VERDE NATIONAL PARK, COLORADO

April 15, 1949.
MEMORANDUM for the Regional Director, Region Three.

We have received with Mr. Patraw's memorandum of March 11 a copy
of Mr, Demaray's memorandum of March 4 and a copy of a report by USGS
Engineers Livingston and Hale on their recent investigation of the
Mesa Verde deep water well, We are asked to report further on pump
operations and well behavior now existing and to supply special
information that will assist in formulating comprehensive engineering
recommendations for well improvement,

From pumping records of the past four years we note that prior
to February 1948 the average pumping rate per 8=hour shift was main-
tained consistently close to 14,000 gallons, In the 15 month period
since that time the production rate has gradually dropped until now
it is approximately 11,000 gallons with more erratic variations appear-
ing ih the past three months. The 3,000 gallons decrease in production
rate per shift is the equivalent of about 22 percent.

We doubt that any of this reduction is due to defects or deterior-
ation in the pump. Following each major breakdown essential repairs
and replacements have been made, Despite these measures, the general
decrease in rate of pumping has continued. We are strongly of the
opinion that the peculiar behavior of the well is due to relationships
existing in the zone of the 280' liner at the bottom. This opinion
is strengthened by knowledge that the nonpumping head of the well
has decreased upward of 100 feet since 1933, Also, it appears that
the 3 feet drawdown for each gallon a minute yield required in 1938
has now increased to about 4 feet,

My special report, dated December 23, 1948, analyzes probable
pressure and waterflow relationships in the zone of the liner, including
the 130! screen, at the bottom of the well, We must not ignore the
fact that the recent report of Messrs. Livingston and Hale primarily
concerns conditions tested above the liner except for the check they
made on the specific capacity of the well after it was opened to a
depth of 4133%'. A plug was placed atop the liner at the 3912' level
while the tests were run. It was after campletion of the tests that
we speared and baled finally opening the well to a depth of 4162!

Jjust 30! short of the bottom.




04-15-1949: memorandum to regional director, region three from nps regarding meve deep water well, report further on pump oper

Additional t ests now ought to be made within the liner to
determine whether other formations are "robbing" the primary aquifer
lying below the 4085' level, Open connections do exist making such
flow possible at any time the pressure and formation permeability
factors are conducive to such flow.

In recent conversations with Mr. L. E. Teague, driller of the
well, he confirmed my information concerning the 20' and 30 of "dry"
sands and shales penetrated just before the great inpush of water
occurred on reaching the 4085' level, He also recalled the existence
of the small amount of free space between the top of the liner and the
bottom 22% portion of the 5" casing and felt that the black water and
mud might easily enter the well at this point,

A new working barrel for the pump is now on order. After it is
installed we will carefully observe any change in production rate,
Still more important now is the need for additional tests of waterflow
conditions in the liner, We intend tc correspond with Mr, Livingston
to determine whether a type of meter is available which would test
the flow under these conditions.

Digressing somewhat, in conducting further tests and in formulating
recommendations we should not forget that in the 16 years the well has
been in operation only the 6" casing has prevented highly impotable
water from the Dakota Sandstone and adjacent formations from entering
the well, Resuming work in the interval of more than a year between the
two drilling contracts, it was found t hat water from behind the perman-
ently placed 8" casing had entered the well, For more than 10 years
we have known also of the rupture in the 5" casing between the 1300!
and 1400' levels in the well, We clearly see, therefore, that any water
getting into the 6" casing from outside scurces is bound to find its way
eventually into the well.

Before clear-cut recommendations can be made we badly need the
additional information on the nature and extent of waterflow conditions
in the zone of the 280! liner, Lacking this information at present,
the following new recommendations are offered which supercede all
recommendations previously made:

1. Make additional waterflow tests in various levels in the
280% liner if suitable equipment for the tests is obtain-
able, This will prove or disprove the existence of
conditions under which cther formations may be "robbing"
substantial amounts of water from theprimary aguifer.




04-15-1949: memorandum to regional director, region three from nps regarding meve deep water well, report further on pump oper

2. Determine accurately whether the replacement and re-
conditioning of the present pumping equipment changes
the rate of water production.

3. If the pumping rate per 8-hour shift can be maintained
rather consistently at 10,000 gallons, or more, with-
out too much trouble it seems the Service would be
Justified in the risk of deferring any major well over-
haul project until late the coming fall. In these
circumstances we should be able to pull through the
coming months of heavy travel and increased water demand.

L, Any major overhaul project should call for removal and

v placement of the 280! liner, Its total length and the
proportion of length given to the screen will depend on
what is done about the 5" casing and the suggestion that the
well be drilled deeper into the primary aquifer below the
present depth of 4192f,

5. The 5" casing could be left in the well if it were found
to be in reasonably good condition throughout its length.
If it is left in place an extremely thorough job of cement-
ing should be done. This cementing may require 150 to 200
sacks of cement because the cement should be forced along
the outside surface of the 5" casing and for an undetermined
distance upward into the space between the 5" and the 6"
casings. Since a drill rig would be required to do this
job, the well should be drilled deeper by an amount that
depends on the conditions encountered,

6. If the 5" casing must be removed all deteriorated portions
should be replaced. Uonsideration should be given to the
extension of the 5" casing at least to the top level of the
primary aquifer. At that point an absolutely tight shutoff
should be obtained,

7. The new liner replacing the one now in use should extend
from the bottom portion of the 5" casing down to the maximum
depth of the well. In no circumstances should the screen
portion extend above the top level of the primary aquifer.

It would be safer to limit it entirely to the water-bearing
sands well below the aguifuge that defines the upper limits
of the aquifer. The total length of the liner and the length
of its component parts will depend on the plan adopted with
regard to the 5" casing.
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I believe that a major overhaul along the lines recom-
mended above will achieve the following encouraging results:
(1) the nonpumping level of the well would probably rise at least
100 feet above the present level of 1302!; (2) the specific capa-
city of the well would probably increase 30 percent, or more, with
a corresponding reduction in drawdown for a given rate of production;
(3) surges of black water and mud would be entirely eliminated; and
(4) the potability of the water might very well be improved to a
degree superior to that attained at any time during the 16 years
the well has been in operation.

(Sgd) Robert H. Rose

Robert H. Rose,
Superintendent.

In duplicate
w/c of well diagram
in duplicate.

cc 2 file.




04-22-1949: memorandum to superintendent from regional engineer regarding the behavior of the deep well pump at meve

UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK _SERVI
%.gin I'hus .V ok
Senta Fe, New iexico

April 22, 1949,
MESORANDUM for the Superintendent, Mesa Verda.

This refers to your memerandum of April 15 regarding the behavior of the
deep well pump at Mesa Verde National Park. We ewait wibir + your repert
o the rate of water production after the working 2 been
installed. 7

ks I
e csanot believe that decreased inflew intp $he well ifself has affected
the pumping rate by 22 peroent. The rate of in would Wot affect materially
the rate ef pumping wlese the amowmt of water enmt the well were less than
the amount being pumped. This would result in the working barrel being

unoevered, We see three causes for decressed pump productions

l. Slippage = flow of water past the ocups while they are lifting
the water coelum, This becemss progressively g reater as the cups and
working barrel wear.

2., Lesaimge from the drep pipe. A few minute thread defects
allowing the water to eseape would lese an appreciable peroentage of
26 gepeme

3. Slowing down of the revoelutions of the pump due to the
greater head frem lowering of the water surface in the well, Although
the motor has excess power, we are not sure but that the variable
speed moter you are using might not allew this. It may be you will
have an oppertunity to diseuss this point with ene of the power com=
pany engineers.

We suggest that you cheek Item 2 by installing an epen tube en the line
from the pump teo the filtration plant, or on the end of the waste line. Any
lowering of water im this tube afer the pump stops would be due to leakage
through the working barrel er out the drop pipe. Seme inerease of the wast-
ages, due to Item 1, would eccur with lowering of water level in the well.
Lowering from 1,500 to 1,500 feet w ould incresse slippage about 7 pereemnt.

We find enly eme copy of your memorandum of April 16, Flease send us the
duplicate mentiemed en the last page.

T "TGNED
J. Re lassiter,
Regienal Engineer.

ee: Director.




05-06-1949: received stamp




03-04-1949: memorandum to regional director, region three from nps regarding two enclosed copies of the report on 'investigation
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NATIONAL PARK SERVICE

WASHINGTON 25, D. C.

ADDRESS:

THE DIRECTOR, NATIONAL PARK SERVICE

MAR = 41949

HEMDRANDUM for the Reglonal Director, Region Three,

e enclose two copies of the report on ¥
Deep Well in Ness Verde Nationsl Park, Colorade, Degember 6-15,
¥e have also discussed the
weeks, and compared the informstion with that in reperts frem

by Penn Livingston amd William Hale,
two
« Rose

satter with Mr. Liviagsten during his assignment in Washingtem for the

$

i

: m
B

m

R

u
m wmua m ]

m



03-04-1949: memorandum to regional director, region three from nps regarding two enclosed copies of the report on 'investigation

duration of water demand in excess of what can be supplied from the
existing system of diversicns snd sterace.

Mmuuunm-nmteammz:luu




12-23-1948: memorandum to regional director, region three from superintendent regarding a report in memo form giving a more or

wﬂ% >

UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE

Decenber 23, 1948,
MESA VERDE MATIGNAL PARK, COLORADO .

MEMORANDUM for the Regional Director, Region Three.

I am transmitting herewith a report in memorandum form giving a
more or less technical explanation for the mysterious behavior observed
and pumping conditions experienced at the deep water well during the
past 10 to 15 years, A study of USGS Engineer Livingston's 1938 report
on well tests,and general observation of the tests completed more recently
by Messrs, Livingston and Hale, convinece me that the explenation of well
behavior and operation are to be found in relationships that exist between
the Navajo Sands and the lower members of the McElmo Formation down in
the zone where these two aquifers are connected by the 130! screen and
the top portion of the 280! liner,

Pumping drawdown under existing well construction and formation rela=-
tionships in the well causes a sudden gush of water from the McElmo Forma-
tion inte the well., These surges account for the slugs of mud and the
masses of black water that enter the well from time to time, During idle
hours a more or less continuous flow of water occurs gut of the Navajo
Sands and into the McElmo Formation through the screen and also through
and around the top of the linmer. The higher pressure in the MeElmo
Formation causing the sudden reversal of water«flow back into the well,
at the start of pumping drawdewn, originates through the pressure build-up
that occurs in a zone of undetermined extent within the formation itself
during times of no drawdown,

Based on technical principles understood by ground water geolegists
that pumping can ever be resumed after the current breakdown without a
major overhaul of the well. GShould an overhauling project be decided

upon the report contains a number of recommendations that sheuld be care-
fully considered.

Robert H, Rose,

Superintendent.
In triplicate,




12-23-1948: memorandum to regional director, region three from nps regarding special report on mesa verde deep water well

UNITED STATES
DEPARTMENT OF THE INTERIOR

NATIONAL PARK SERVICE

December 23, 1948,
MESA VERDE MAT.U..... .&7tK, COLORAZO

MEMORANDUM for the Regional Director, Region Three.

SPECIAL REPORT ON MESA VERDE DEEP WATER WELL

U, S, Geological Survey Engineers Livingston and Hale left the park
December 15, Their recent tests, generally speaking, do not disclose
radical changes in leakage between the 5" and the 6" casings since Mr,
ILivingsteon's tests in 1938, Their report will doubtless be received
through proper chammels at an early date,

It is my considered opinion, therefore, that the explanation for the
mysterious behavior of the well and related pumping difficulties is not
to be found in leakage relationships between the 5" and the 6" casings.
The key to the mystery is to be found in the conditions at more extreme
depths = down in the lower portions of the McElmo Formatiom - particularly
between the lower end of the 5" casing at 3934' depth and the very bottom
of the well at 4192', Every unusual aspect of deep well behavior since
the well's completion in 1933 can be accounted for on the basis of the
analysis teo follow.

The liner at the bottom of the well consists of 130' of screened pipe
coupled to 150' of solid joint casing, teotaling 280', Only 107' of the
screen are in the high pressure water-bearing sands designated as Navajo
Sands on the well log., The remaining 23' at the screen top above the
4,085" level are in soft sands, limy shell layers and red shales of the
McElmo Formatiom. Records especially mention 20' of soft sand with some
lime and shale content between 4,065' and 4,085' with thin, interspered
layers of shale, limy shells and sand predeminating immediately above the
4,065' level, Therefore, the 23' top portion of the sereen passes clear
through the 20! of soft limy and sandy shale and extends at least 3!
higher into the more or less thinly laminated layers mentioned.

The sand, lime and red shale layers caved badly while drilling the
well particularly in the zone at 4,065' and above., Caving indicates
their high water bearing content though their permeability was relatively
low making the layers incapable of any large rate of water production.
Unfortunately no detailed records are available on water yleld in this
eritical zome., It is unmistakably clear, however, that water seepages
were present which were the primary causes of the caving difficulties. 1In
a word, even the caving formations possess some degree of permeability
permitting passage of water through them.
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Obviously, then, the 130" of screen liner forms an gpen connection
between Navajo Sands below 4,085' and layers of the McElmo immediately
above, There is absolutely nothing to prevent free flow of water between
the two formations at any time pressure conditions exist that would pro-
duce such a flow. I shall demonstrate in subsequent paragraphs how
pressure conditions conducive to such inter-formation flow do exist. This
water flow is inevitable., In all probability, still another Navajo=McElmo
connection occurs in the small amount of free space between the top portion
of the 280' liner and the lower portion of the 5" casing. The liner was
merely inserted in the lower end of the 5" casing, Space between the liner
and the 5" casing is very small. However, since they were not joined by an
absolutely water-tight connection, a flow of water through this space can
also ocour,

Experienced ground water and petroleum geologists know that flow of
water must occur between connected semi-artesian types of aquifers with
differing maximum levels attained by the static heads of each as determined
in the same well; that the top lsvel of statie head in a common well bore
connection between the two is less than that of the aquifer of initially
higher level of static headj and that when the conmecting well is pot sub-
Ject to reduction of head level by pumping drawdown or other causes the
flow of water is out of the aquifer of higher top level of normal static
head and the aquifer of lower top level of normal static head., Further-
more, this flow will either centinue indefinitely with a gradual build-up
of a zone of increasingly higher back pressure in the weaker aquifer, or
will virtually cease in time as hydrostatic equilibrium of top level of pres-
sure head is attained between the two squifers. In the Mesa Verde well the
strong aquifer of higher top level of static head is the Navajo Sands, The
weaker aquifer is the MoElmo Series. Unquestionably these layers of the
MeElmo between the Navajo Sands at 4,085' and the lower end of the 5" casing
at 3,934' are fair aquifers for enough water entered the hole while drilling
in this zone to make unnecessary the adding of water as was done at some
of the levels mich higher in the well.

The MoElmo Formation and the Navajo Sands are, therefore, cormected
between the upper and lower portions of the 130' screen. A second connec-
tion, as explained, probably also exists in the free space between the liner
and the lower end of the 5" casing. Referring to the ground water prineciples

stated above, 3 Llow of water has besn from Navale
e T Ly — gy Ry Ty oy
Ty S gy ey gy

s
firmly established as night following day.

Astonishing phenomena occur from the moment well pressure is reduced

by pumping drawdown. As pumping e water flow from the
simar bt amice e T oo ol St T i
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actual or near-equilibrium of hydrostatic head level due to idle hour
ck-pressure

pressure head level of the well. As long as ¢ relatienship exists
uater must leave the McElmo Formation and flow imto the well,

It is comparatively easy to determine the approximate pressure

under which this MeElmo water is pushed into the well, It is

equivalent to the difference betwsen the static head level of the well
when idle and the lower head level attained during pumping, In his 1938
report on well tests Mr. Livingstonm computed that the Mesa Verde well then
experienced about 3' of drawdown for each gallon per minute pumped. At
our approximate production rate of 12,000 gallons per 8~hour shift, equal
to 25 gallons per minute, cur drawdown is around 75', This drawdown of 75!
is roughly the equivalent of 35 pounds per square inch. In other words,
back pressure in the McElmo approximates 35 pounds per square inch in the
direction of the well bore simply because of idle-hour back-pressure

tless this MoElmo outflow into the well begins with a powerful
surge. How long it continues hinges on several key factors. It may con-
tinue throughout the periocd of pumping. On the other hand it can gradually
dissipate itself within a relatively short time. In fact as long as the
reduced head level in the well is a little than the normal statie

itself at Wwiﬁ“tﬂuc head level of the weaker aquifer
such as the s them the flow from McElme into the well oceurs

gvery moment of pumping operatioms]

It is highly important to injeet here parenthetically the thought that
conditions in Mesa Verde seem very favorable for an extemsive high pressure
build-up szone in the McElmo during idle hours because (1) the steeply
inelined igneous dyke just south of the well is believed to close off all
aguifers in the well preventing escape of water down-dip with formation
and eausing en increase in the semi-artesian pressure heads within the
aquifers, and (2) there is probably an indefinitely large some in an wp-dip
northward direction wherein am extensive pressure-buildup can be established.

Like a "bolt out of the blue", we now see why the slugs of black and
red muds mixed with gritty and limy shell particles enter the well. We
also understand the gushes of jet-black water can appear s
without any advance warning., I have checked the operating history of the
well and discover that the well yielded surges of black water and slugs
of mud during the first stages of pumping operations. On numerous ocecasions
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the deposits had te be removed from the pumping mechanism, Surges of
water from the McElmo into the well must occur as well drawdown begins,.

It is not too impertant to this discussion to determine whether or not
these surges are soon dissipated or whether the flow continues indefinitely
at a gradually diminishing rate. If black water and mud were to appsar
suddenly after some 24 to 36 hours of uninterrupted pumping we would have
a sure indication that the McElmo surge into the well is not momentary

in duration. As & general rule we can state that mud and black water are
more likely to appear shortly after pumping starts following a peried of
idleness and that the longer the periods of idleness between pumping draw-
downs the more likely it is that the black water and mud will appear.

This analysis also helps account for great masses of sand drawn into
the well in 1938 when efforts were made to increase the rate of water pro-
duction by the installation of a larger capacity-per minute pump, When
yield was stepped up to 35 gallons per minute mnd sonditions became intoler-
able, Based on 75' of drawdown for 25 gallons per minmute yield, this
larger pump produced a drawdowm of around 105' equivalent to about 45 pounds
per square inch. While this drawdown doubtless resulted in more sand
coming into the well from the Navajo agquifer, it is also highly probable
that an increased amount of sand was drawn from the softer basal sands of
the MeElmo around the upper pertiom of the screen. Its softness and fine
texture would facilitate such action. It should also not be forgotten that
with the decreased pressure in the well due to still further drawdown, the
previously explained back pressure in the McElmo was correspondingly
stepped up from 35 pounds per square inch to about 45 pounds per square
inch,

As these processes continue, progressive deterioration of MeElmo formae
tions takes place around the top of the sereen and also adjacent to the
liner at the lower end of the 5" casing. The uncemented formation shut-of?f
at the very bottom of the 5" casing would be highly vulnerable to deteriora~
tion by the frequent passage of water into and out of McElmo strata in the
immediate zone. This analysis now leads me to suggest that this deteriorad-
ing action has to some extent pierced the formatiom shut-off at the bottom
of the 5" casing exposing additional McElme strata in an upward direction
outside the 5" casing toward the cemented lower end of the 6" casing at
3,896'. The thin layers of MeElmo strata in this some between the bottoms
of the 5" and the 6" casings are rather heavily water-bearing which would
mhnu, rather than retard, this deteriorating action in an upward

mm.

As thickness of McElmo members subject to this action increase we
mast expect (a) continued loss of static pressure head of the wellj (b)
continued, and possibly more frequent, appearances of slugs of mud and
surges of black water; and (c) gradually increasing percentages of contami-
nation of the well yield by the more mineralized water of the McElmo. Mr,
Livingston found that an apparent loss in static pressure head had oc¢curred
between 1933 and 1938 and I believe a check will disclese additional slight
losses have occurred from 1938 to the present date,

h
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A thorough job of scaling the inside of the 5" casing has been
completed with removal of more than a cubic yard of scale, Contamination
of the well by McElmo waters containing H2S in some of its layers could
be the primary reason for the thick inerustment. Since scale fragments
seem to have contributed materially to the debris collected in the stand-
ing valve in recent pumping failures, we hope removal of the scak deposits
will tend to increase the intervals between breakdowns. Without the scale
aggravating the situation possibly the smaller masses of gritty muds and
surges of black water will pass through the pumping mechanism and out of
the well without invariablycsusing pumping failure.

All difficulties experienced with the well since its completion seem
to stem from relationships existing from the very beginning between the
Navajo Formation and the MeElmo Formation after they were connected by
the 130' of screen and the additional 150' of unperforated liner, If the
well should utterly fail to operate following our present breakdown then
we must determine whether to give the well a major overhaul or to transport
water in trucks from points outside the park. Should the final determina~
tion be in faver of am overhaul job, the follewing recommendations should
receive serious considerationt

1. The 5" casing should be run deeper into the well, probably
to the top of the aquifuge layer that must separate the Navajé and
the McElmo Formations near the 4,085' level, An absolutely water
tight shutoff should be achieved at this peint. All deteriorated
sections should be replaced,

2, Drilling to an undetermined depth below the present level
of 4,192' should be considered. Geologists seriocusly doubt whether
our water-yielding sands below 4,085' are Navajo Sandsj they might
very well be a portion of the Entrada Sandstone. In any event it
would be worthwhile to determine whether better water with potentially
higher rate of yield exists at levels a little below the present
well depth. The increased depth of drilling would net run exces-
sively high in cost. If improved conditions of water production are
not found it would be a simple matter to tightly plug the hole and
use the well at :Lts present depth.

3. The 280' liner should be pulled, of course, and completely
replaced, The length of the screen should be reduced such as to
prevent any water passage whatsoever between the Navajo Sands and
the MeElmo Series. An absolutely water-tight connection should
be made between the outer surface of the liner and the immer circum-
ference of the 5" casing.

It would prove more economical in the long run to overhaul the well
than to haul water through even one travel season. Mancos would be our
most convenient source of water but that source would probably not be
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available to us in the warmer months of the summer, Serious water shorte
ages have been occurring regularly for the past several years. During
those times it would be necessary to go even farther with our transport
units., It seems probable, therefore, that the deep water well could be
given a major overhaul for the cost of hauling our water for one season.
An overhaul would give us the advantages of having a workable well in
standby condition during the earlier years of the West Mancos River water
supply line. By the time the well again deteriorated beyond usefulness
all of the "bugs" would be eliminated from the new water-line installatien.

This analysis based on technical principles of ground water geology
contains the key to the mysterious behavier of the well observed since
drilling was completed in April, 1933 and the pumping difficulties
experienced since water preduction began a little later, The analysis
further demonstrates without reasonable fear of contradiction that pump-
ing difficulties over a period of time will increase rather than diminish,
Should repeated efforts to resume water production after the current break-
down fail, we had as well reconcile ourselves to the fact that, in its
present condition, the 'finis' to the well is already written, Certainly
the study presented in this report would strongly confirm such a conclusion.

(36B). " BOBERT M. ROSE
Robert H. Rose,

Superintendent.
In triplicate,
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03-23-1949: info about report

Two “charts" attach. at end of this report
have been detached by Mr. Dunn and are being photo-
stated. It is expected they will be returned to
Mr. Dunn with the photostats in about a week.

This is Mr. Dunn's copy of report, and it will
be appreciated if it is returned to him.

Mr. Kittredge.

March 23, 1949.
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Investigation of the deep well in Mesa Verde
National Park, Colorado W
December 6-15, 1948 '037

By Penn Livingston and William Hale
75 e D47
K 3/ 25

On November L, 1948, the pump on the 4,192-foot well at the Mesa Verde

Purpose and scope of the investigation

National Park failed during pumping operations. Several failures had been
caused in the past by sediment gradually accumlating in the standing valve
of the eylinder pump., However, after cleaning the pump and installing it in
the well on November 8, no water could be pumped. There was apparently so
mich sediment in the water that the pump could not be put back into operstion.
As the well is the only present source of water for the Park, it was impera-
tive thﬁ: punmping be resumed as soon as possible,

Mr, Robert H, Rose, Superintendent of the Park, requested the assistance
of the U. 8, Geological Survey in making an investigation to determine the
cause of the trouble and to ascertain the general condition of the well,

In addition, it was requested that suggestions be made in regard to rehabili-
tating the well. The writers were assigned to make the investigation and were
at the Park from December 6 to December 15, 1948,

Brief history of deep well at Mesa Verde
National Park, 1938-48

The Park well was completed in sandstone at a depth of 4,192 feet in
1932, According to the well log, the well is cased with 12i-inch pipe from
the surface to 850 feet; 10-inch pipe from surface to 1,220 feet (cemented
at bottom); B-inch pipe from surface to 3,563 feet; 6-inch pipe from surface
to 3,896 feet (cemented at bottom); 5-inch pipe from surface to 3,934 feet;

3-3/4-inch liner from 3,912 to 4,062 feet; and 130 feet of 3%-inch McEvoy
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button screen pipe from 4,062 to 4,192 feet,
1
Following the tests by Livingston on the deep well, which were com-

y Livingston, Penn, Report on the condition of the deep-well in Mesa
Verde Netional Park, Colorado, with suggestions for repairing. Typewritten
report in files of National Park Service and U. 8. Geological Survey,
November 1938,

pleted on November 8, 1938, the Lamtex casing pump was set aside and the old
3=-inch cylinder pump was reinstalled in the well. The pump cylinder was set
at a depth of about 1,500 feet below the land surface and operated with a
stroke of 4 feet, 8 inches,at a rate of 22 strokes a mimute. The barrel was
10 fest long and 2 25/32 inches in inside diameter. The discharge column

was 2-7/8 inches in inside dismeter and the sucker rods were 7/8-inch round

iron. When the pump was in good condition it would discharge about 30 gallons ~

a minute; as the leathers wore, the discharge would decline to 2/§£nllonu a, A 5,,/1 4,
= b2 g

minute. New leathers were required about once a month and about once each
year the cylinder was removed and e new stending velve was instelled. On
several occasions during the period 1938-48 the pump stopped discharging
water a;nd when the cylinder was removed it was found to be clogged with
"md and scale." No new tubing or sucker rods have been installed since
about 1942. The rods are in good condition but some of the tubing is worn.
No repairs or changes were made in the well casing since the inspection was
completed in November 1938,

On September 8, 1948, the pump stopped dischargirg water and when the
cylinder was removed the standing valve was clogged with "black mud? After
the cylinder was cleaned out considerable trouble was experienced in getting

the pump back into operation on September 16. The same trouble developed on
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October 1 but by October 7 the pump was back in operation. On November 4
the cylinder clogged again. Several attempts to pump water were unsuccess-
ful, even with as much as 1% hours of pump operation.
The Florence Drilling Company, Aztec, New Mexico, was employed to clean
out the well and they moved in e Cordwell cable tool rig on November 22,
Bailing operations began on November 26 and an obstruction was found at a
depth of 3,910 feet. A 4-inch impression block was placed on the obstruction
and it was believed that a good impression was obteined of a metal slip (a
tubing-catcher dog was believed to have been lost in the well several years
ago, see Mesa® Verde Park office files) about 6 inches long, 3 inches wide,
end 3/4-ineh thick. The obstruction was dislodged by a few light blows
with the bit. Other temporary obstructions were found at 4,002 and 4,022
feet, end the bit was lowered to 4,057 feet without further trouble., A
30-foot length of 2-7/8-inoh tubing was lowered to 4,114 feet. FEvidently
the top of the 3-3/4-inch liner wes encountered at 3,910 feet and the top 1/£"
of the S-g-inch screen at 4,057 feet (compered with 3,912 and 4,062 according u“"d-,
to the log). )7 PR aas rfﬂ}
P Description of investigation
/| The writers arrived at the Park on December 6, and spent the afterncon
’f / in conference with Messrs. Rose, Brown, Nelson, and Boyland of the Park
f Service; and Mr. Cooper, an employee of the Aztec Drilling Company. It
seemed to be the consensus that the slip or slips thet had been lost in the
well several years ago had been dislodged with the bit on November 27, and
hed fellen to 4,114 feet where they had either bridged the hole or rested
on debris in the bottom of the well. On December 7, two impression.blocks

\ 1%
\\ were run to a depth of 4,114 feet, but no recognizeble impression of the (;,/ ?w

& o

2
I
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slips was found. Bailing operations begean with a sand pump in order to

uncover the slips or work them down. About 0,7 cubic foot of black scale

was recovered during the dey, including many large pieces(as large as
2 squere inches) between 1/16 and 3/16 inch thick that fitted the inside

of the 5-inch pipe. A semple of the scale was collected for chemical

| enalysis. The sand pump finally reeched a depth of 4,133 feet at the close
| of the day., On December 8 bailing with a small dart-velve bailer gave poor

|
/ results, so bailing was resumed with the sand pump, on which repairs had

/ been attempted. On December 9 the Geological Survey's deep-well current

meter was lowered to a depth of 2,500 feet, but no movement of water inside
the 5-inch casing was found. The meter was equipped with a rubber ring so
\ that all the water would move through the meter. Any flow of water greater

then & gallon a minute could have been detected easily. The nonpumping

."‘\ water level was about 1,302 feet below land surface.

With the well open to a depth of ebout 4,133 feet, exposing between 60
and 70 feet of screen, a test was made to determine the present specific

capacity of the well. This test was made to determine if the screen were

open above 4,133 feet and if it were imperative to open the screen below that

depth to obtain a supply of 30 gallons a mimute. Water was introduced into

the well at the surface at a rate of © gallons a mimte sterting at 4:45 p.m.

on December 9 and ending et 6:07 p.m. The water level rose ebout 17 feet
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|

durin g the test and had an estimated ultimate rise of 18 feet or more, indicating

~ a rise of about 3.5 feet for each gallon a minute of recharge (fig. 1).

Gonversely, if the well were pumped it would gyield water at approximately the

' same rate per foot of drawdown. At a pumping rate of 30 gallons a minute,

the drawdown would be about 120 feet.

When bailing was discontinued on December £, it seemed evident that pipe
scale was being loosened from the 5-inch casing about as fast as it was being
recovered with the sand pump, res:lting in little progress toward opening more

screen at the bottom of the well. It was believed that better prozress could

be made by setting a plug at the top of the liner at 3,910 feet, scaling the

pipe from the top down to 3,910 feet, and recovering the scale with a larger
sized bailer that would pass into the 5-inch casing. If the plug were water
tight, the 5-inch casing could also be tested for leaks. 4n opening in the
5-inch casing at 1,325-1,336 feet was found in 1933 (see 1938 manuscript report),
but it was not known whether circulation of water between the 5- and 6-inch pipes
had developed through this opening. On December 10, 1948, ar "attempt was made
to bridge the casing at 3,910 feet with a bag of beans. The bag was held in
place for several hours, but when the tools were brought out it was‘v learned

that the bag had been worn through by friction on the pipe while being forced
down. On December 11 another plug was made of sand ba;s wrapped in canvas. It
was lowered to the water surface, where it was released and allowed to settle by
.its own weight. The plug was then followed to a depth of 2,400 feet with the
deep-well meter and with the sand pump to 3,800 feet without trouble. It was
assumed that the plug stopred at the top of the liner at a depth of 3,910 feet.
About 0.1 cubic foot of gravel féllowed b 1.6 cubic feet of sand was poured
into the well and allowed to settle overnight to the top of the plug. The next
morning December 12, the bailer was lowered into the well and stopped on an

obstruction, presumably the top of the sand, at 3,898 feet, About 15 gallons
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of Aquagel was lowered in the dart-valve bailer and dumped at a depth of 3,898
feet by means of dumps=stick. The only known water-bearing beds exposed to the
wells were thus apparently shut off, and the casing was read; to test for leaks
by raising the water level above the normal nonpumping level and observing any
decline of water level.

Starting abt 3:22 P, M. on December 12, five gal'ons a minute of water was
discharged int-o the well at the surface for 10 minutes » which raised the water
level about 35 feet above a starting level of about 1_,303 feet. The rise
amounted to about 1 foot for each 1.3 gallons of water added, This volume
checked closely with the volume of the 5~inch casing plus the annular space
between the 5- and é-inch casings. The water level lowered about 2% feet during
the hour after the peak had been reached, indicating a leakage of about 3
gallons an hour. Again water vvras added for 10 minutes at the rate of 5 gallonms
a minute, starting at 5:05 p. m., and the water level rose an additional 35 feet,
maeking a total rise of about 70 feet above the initial level. After reaching
the psak, the water level declined about 19 feet during a period of about
5% hours, indicating leakage of about 4 ar 5 gallons an hour. Xore water was
added at 11:00 p. m. to raise the differential water pressure on the plug to
about 151 feet. .The decline of the water level was observed until 3:45 a. m.
and again at 8:00 a. m. on December 13. The rate of _declina was 33.5 feet
during 8 hours, ‘i_ndicating a rate of leakage of 5 or 6 gallons an hour. Further
observations were made on the decline of the water level during the evening
and into the morning of December 14, after a brushing tool for dislodging
scale from the 5-inch pipe, devised in the Park machine shop, had been used
in the well durin: the working hours on December 13. The water level was
lowered by bailing during two periods on December 14, and observations made
of the water level in the well while it stood below the normal nonpumping

level until 9:00 a. m. on December 15,




12-06-1948: investigation of the deep water well in meve, december 6-15, 1948, page 7cont

7

The data collected in comnection with this bailing operation appeared to
-give results that were incousistent ﬁthﬂlm conditions iy (see p. ll/);
however, as the cost of following t'r:!g:n;;t; a conclusion did not a pear to be
Justified, testing of the well was discontinued, and brushing-down operations
6n the well were resumed.

The well was cleaned out to a depth of 4,162 fe;at, and on December 30, at
10:30 a. m., pumping was begun. The water at the beginning of the pumping period
was black but cleared by 7 p. m. Punping continued without interruption until
January 1, 1949, after which a normal pumping schedule of two 8-hour shifts

- was resumed.

A water sample was collected from the well on January 5, 1949, after the
well had been pumped for several hours at the rate of about 25 gallons per
minute. The analysis of this sample, shown below, was by J. D. Hem, U. S,
Ceological Survey, Albuquergue, New liexico.

Chemical analysis of water from Mesa Verde Park
we].l. JM 2: lw

Parts per ﬁPm*t.s per
million pillion
Silica (8105) 23 Temperature 112° F,
Iron (Fe) 40% Bypon (B) 0.1
Manganese 0.03
Calcium (Ca) 35 Dissolved solids: 1,100
Magnesium (lig) 1 Sum—/
Sodlium (Na) g_ _______________ 326 Hardness as CaC03:
Potassium (K) ° ; Total 132
Noncarbonate 0
Bicarbonate (HCOB) 352 Specific conductance
Sulfate (SO ; 525 (Micromhos, 25° C.)1,590
Chloride (c1 : 1.8 7.6
Fluoride (F) 1.7
Nitrate (NO3) 0.1

% In solution, Total iron 7.5 ppm, mostly in sediment.
Analyses were also made by J. D, Hem of the pipe scale recovered with

the bailer and of the "mud" taken from the pump cylinder, as shown below.
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Iron 3 Insoluble Sulfur
Deposit on traveling valve 57 O. [ -
Do. 57 .38 228 dosent
Deposit on standing valve 50 .18 6.7 -
Black scale in chunks taken with
bailer (4,113') 48 o1 96 LT #
Black mud taken with bailer (4,113') 45 .29 8.9 2.3 £

'igsmall amount of hydrogen sulfide was liberated when the deposit obtained
from the cylinder was dissolved in aqua regia. The irox} that was present as
sulfide was estimated as less than 10 percent. The scale recovered from deep
in the well contained considerable amounts of sulfur, probably in the form of

ferrous sulfide.

Conciusion
The specific capacity of the well on December 9, 1948, when the well was
open to 4,133 feet, was somewhat less than, although comparable with, the specific
capacity that was found during Nowvember 1938. It was very encouraging to
observe that the nonpumping water level is now the same as it was during 1988.

The maximum leakage from the 5-inch casing was about 5 to 6 gallons an (7

)

hour with a differential water pressure amounting to about 150 feet, Of this

amount of leakage, some of all could have been through the temporary plug.

\
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Gonsequently, it is believed that the leskage that passes between the 5=

and 6=inch casings into or out of the well is very small and is of negli-

gihh importance at this time,
During the tests following the bailing operations the water level in the

well rose and fell, although it remained below the mormel static level, (See

ple 1.) The water level could have been affected by one of several different

conditions or a combination of conditions, such as a change in the weight of the

| water column, caused by the addition of scale or the subsequent settling out of

,": the suspended matter; changes in barometric pressure; chenges in the rate of leak=

? age through the plug; leaksge between the 5= and é-inch casings; and water seeping

: down the inside of the casing, which had become wet during bailing operations,
The fluctuations of the water level, however, represented a gain or loss of less
than a gallon an hour, which was considered too minute for exact interpretation,
The writers would have enjoyed making additional tests to work out seemingly
inconsistent fluctuations at the low levels, but the collection of additional
data could not be justified, considering the cost involved,

It was concluded thet the "red and black md" that clogged the working

barrel was pulverized pipe scale and rust that accumlated on the tubing and on
the inside of the 5-incl casing, The "red mud" probably ceme from the area
above the pumping level where the pipe was exposed to the air, resulting in a
greater percentage of iron oxide., The heavy black pipe scale may have accumlated
at any depth, but' most likely near the pumping level as the result of the gradual
release of pressure amounting to more than 1,000 pounds per squere inch as the
water moved upward in the well, During periods of pumping the temperature of the
water discharged increased from about 85° to 112-117° F., depending upon the rate
and duration of pumping, During idle periods the temperature of the water in the
upper pert of the well declined agein to about 85°, This temperature change might
result in some deposition of iron or calcium carbonate from the water,
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It is not possible to decide from the information at hand whether the

~ iron in the pipe scale was in solution as the water came from the formation

| or was dissolved from the well casing. The second condition would be the
more unfavorable, namely, that the iron was dissolved from the casing in the
lower pert of the well and was carried upward and deposited as part of the scale
in the upper part of the well, Water samples would have to be collected from
the bottom of the well during pumping operations to make certain of the true
composition of the water in the sandstone aquifer, and this, of course, is
impossible,

Several wells have been drilled and considerable work has been done on
the correlation of geological formations near the southwestern corner of tho.
State of Coloradc since the Mesa Verde well was completed during 1932, It
now appears that the well may not have reached the Navajo sandstone, Below
is a quotation from a letter received from Alfred D, Zapp, geologist, U, S.
Geological Survey, Albuquerque, New Mexieo:

"Our stratigraphic interpretation of the log of the deep
well in Mesa Verde Natiomal Park, Colorado, follows:

0 = 400 feet Cliff House sandstone
400 - 885 ® Menefee formation
885 = 1,175 " Point Lookout sandstone
1,175 = 3,352 * ' Mancos shale
3,352 - 3,423 " Dakota sandstone
3,423 - 3,806 ®* Morrison formation
3,896 - 4,085 "  Wanakah formation
4,985 = 4,192 " Entrada sandstone
;'The regional stratigraphy of the ares, as interpreted from
published and unpublished material in the files of the Fuels Branch,
indicates that the present producing aquifer, the Entrada sandstone,
is probably the best one, and deepening the well, except perhaps for
completing penetration of the Entradas sendstone, is not récommended,
In the sequence below the Entrades, the sandstones of the Juressic

Glen Canyon group are probably relatively thin and silty, and the
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aquifers,"

Triassic and Permian redbeds are not likely to inelude good

11
It should be kept in mind, however, that if the well is deepened and the
static water level stays at its present altitude, the mesns of extraction would

still be confined to a small pump, the upper discharge limit of which probably
would be less than 100 gallons a mimite,

In other words, regardless of the
capacity of the well to yield water, the actual yield that could be pumped

with a pump 4k inches in diameter would be less than 100 gallons a minute,

The well, even in its present condition, has considerable value as a
stand-by unit that might be used during en emergency if trouble were experienced

with the surface pipe line that is expected to be installed soon,

Appreciable
scale probably would not form on the casing while the well stood idle,

Thus

the well might remain umsed and still serve a use Ful purpose,
Suggestions for }(eoondiﬂoning and fperating the /.u
The following suggestions are made for reconditioning the well with the
thought in mind of getting the well back into production as soon as possible to

replenish the storage tanks, Item 1 was carried out during the latter part of

December when the well was opened to 4,162 feet; the yield is about 25 gallons

a mimute, Later, more extensive repairs (items 2-4) can be made if and when a
greater expenditure of funds can be justified,

1. Scrape and brush the inside of the 5-inch casing from the top
\‘-\ to a depth of 3,898 feet to dislodge the loose scale, Bail out
\'\ the scale and remove the temporary plug at 3,898-3,910 feet.

\‘\! Clean out the screen to a depth of 4,133 feet and as much deeper
\

’\ the slips that are

as satisfactory progress can be made, Make no attempt to retrieve
bo.lieved

1
aldeged- to be in the well, Replace the 3=inch
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3.

4o

pump and, while lowering it, add enough water to the

tubing before the cylinder reaches the water lewvel to keep
water from enﬁori.ng the tubing through the standing valve,
Operate the pump in periods as long as possible and avoid
short shut-down pericds,

In case the well does not yield enough water to supply the
3-inch pump (30 gellons a mimate), then pull the liner and
screen; clean out the hole to 4,192 feet and replace the
liner and screen,

If the specific capacity of the well is increased substantially
by cleaning out the secreen to full depth, about 1,500 feet of
the 5-inch casing could be removed so that a larger sized pump
could be installed,

If the specific capacity is not increased by removing and
cleaning the screen, all the 5=inch casing, the liner, and

the screen could be removed and the well drilled through the
Entrada sandstone with a rotary rig. Five-inch casing and
screen could be set in the water-bearing formation, leaving
the 6=inch casing in the upper part of the well so that a
larger=sized pump could be installed,
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Investigation of the deep well in Mesa Verde
National Park, Colorado

December 6~15, 1948

By Penn Livingston and William Hale

Purpose and scope of the investigation

On November 4, 1948, the pump on the 4,192-foot well at the Mesa Verde
National Park failed during pumping operations. Several failures had been
caused in the past by sediment gradually accumulating in the standing valve
of the cylinder pump, However, after cleaning the pump and installing it in
the well on November 8, no water could be pumped. There was apparently so
much sediment in the water that the pump could not be put back into operation.
As the well is the only present source of water for the Park, it was impera-
tive that pumping be resumed as soon as possible.

. L] » L3 L] . - L] - - L L3
Description of investigation

The writers arrived at the Park on December 6, and spent the afternoon
in conference with Messrs. Rose, Brown, Nelson, and Boyland of the Park
Service; and Mr. Cooper, an employee of the Aztec Drilling Company. It
seemedf.o be the consensus that the slip or slips that had been lost in the
well several years ago had been dislodged with the bit on November 27, and
had fallen to 4,114 feet where they had either bridged the hole or rested
on debris in the bottom of the well, On December 7, two impression blocks
were run to a depth of 4,114 feet , but no recognizable impression of the
slips was found. Bailing operations began with a sand pump in order to
uncover the slips or work them down. About 0.7 cubic foot of black scale
was recovered during the day, including many large pieces (as large as
2 s%uare inches) between 1/16 and g/16 inch thick that fitted the inside
of the 5~inch pipe., A sample of the scale was collected for chemical
analysis. The sand pump finally reached a depth of 4,133 feet at the close
of the day. On, December 8 bailing with a small dart-valve bailer gave poor
results, so bailing was resumed with the sand pump, on which repairs had
been attempted. On December 9 the Geological Survey's deep-well current
meter was lowered to a depth of 2,500 feet, but no movement of water inside
the 5-inch casing was found., The meter was equipped with a rubber ring so
that all the water would move through the meter. Any flow of water greater
than a gallon a minute could have been detected easily. The nonpumping
water level was about 1,302 feet below land surface.
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With the well open to a depth of about 4,133 feet, exposing between 60
and 70 feet of screen, a test was made to determine the present specific
capacity of the well, This test was made to determine if the screen were
open above 4,133 feet and if it were imperative to open the screen below that
depth to obtain a supply of 30 gallons a minute, Water was introduced into
the well at the surface at a rate of 5 pallons a minute starting at 4:45 p.m.
on December 9 and ending at 6:07 pem. The water level rose about 17 feet
during the test and had an estimated ultimate rise of 18 feet or more, indi-
cating a rise of about 3.5 feet for each gallon a minute of recharge
(fig. 1). Conversely, if the well were pumped it would yleld water at
approximately the same rate per foot of drawdown. At a pumping rate of 30
gallons a minute, the drawdown would be abcut 120 feet.

When bailing was discontinued on December 8, it seemed evident that pipe
scale was being loosened from the 5-inch casing about as fast as it was being
recovered with the sand pump, resulting in little progress toward opening more
screen at the bottom of the well, It was believed that better progress could
be made by setting a plug at the top of the liner at 3,910 feet, scaling the
pipe from the top down to 3,910 feet, and recovering the scale with a larger
sized bailer that would pass into the 5-inch casing, If the plug were water
tight, the 5-inch casing could also be tested for leaks. An opening in the
5-inch casing at 1,325-1,336 feet was found in 1938 (see 1938 manuscript
report), but it was not known whether circulation of water between the 5-
and 6-inch pipes had developed through this opening. On December 10, 1948,
an attempt was made to bridge the casing at 3,910 feet with a bag of beans.
The bag was held in place for several hours, but when the tools were brought
out it was learned that the bag had been worn through by friction on the pipe
while being forced down. On December 11 another plug was made of sand bags
wrapped in canvas. It was lowered to the water surface, where it was re-
leased and allowed to settle by its own weight. The plug was then followed
to a depth of 2,400 feet with the deep-well meter and with the sand pump to
3,800 feet without trouble, It was assumed that the plug stopped at the top
of the liner at a depth of 3,910 feet, About 0.1 cubic foot of gravel
followed by 1.6 cubic feet of sand was poured into the well and allowed to
settle overnight to the top of the plug. The next morning December 12, the
bailer was lowered into the well and stopped on an obstruction, presumably
the top of the, sand, at 3,898 feet. About 15 gallons of Aquagel was lowered
in the dart-valve bailer and dumped at a depth of 3,898 feet by means of
damp-stick. The only known water-bearing beds exposed to the wells were
thus apparently shut off, and the casing was ready to test for leaks by
raising the water level above the normal nonpumping level and observing
any decline of water level.

Starting at 3:22 P.M. on December 12, five gallons a minute of water
was discharged into the well at the surface for 10 minutes, which raised
the water level about 35 feet above a starting level of about 1,303 feet.
The rise amounted to about 1 foot for each 1.3 gallons of water added, This
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volume checked closely with the volume of the 5-inch casing plus the annu-
lar space between the 5= and 6-inch casings., The water level lowered about
2} feet during the hour after the peak had been reached, indicating a
leakage of about 3 gallons an hour, Again water was added for 10 minutes
at the rate of 5 gallons a minute, starting at 5:05 p, m.,, and the water
level rose an additional 35 fest, making a total rise of about 70 feet,
above the initial level. After reaching the peak, the water level de-
clined about 19 feet during a period of about 5% hours, indicating leak-
age of about L or 5 gallons an hour. More water was added at 11:00 p, m.
to raise the differential water pressure on the plug to about 151 feet,
The decline of the water level was observed until 3:45 a. m. and again

at 8:00 a, m, on December 13, The rate of decline was 33.5 feet during

8 hours, indicating a rate of leakage of 5 or 6 gallons an hour. Pur-
ther cbservations were made on the decline of the water level during the
evening and into the morning of December 14, after a brushing tool for
dislodging scale from the 5-inch pipe, devised in the Park machine shop,
had been used in the well during the working hours on December 13, The
water level was lowered by bailing during two periods on December 14,

and observations made of the water level in the well while it stood below
the normal nonpumping level until 9:00 a, m. on December 15,

The data collected in connection with this bailing operation appeared
to give results that were inconsistent with observed conmiitions (see
p. 11); however, as the cost of following this point to a conclusién did
not appear to be justified, testing of the well was discontinued, and
brushing-down operations on the well were resumed.

The well was cleaned out to a depth of 4,162 feet, and on Decem-
ber 30, at 10:30 a., m., pumping was begun. The water at the beginning of
the pumping period was black but cleared by 7 p. m. Pumping continued
without interruption until January 1, 1949, after which a mormal pumping
schedule of two 8-hour shifts was resumed.

Conclusion

The specific capacity of the well on December 9, 1948, when the well
was open to 4,133 feet, was somewhat less than, although comparable
with, the specific capacity that was found during November 1938. It was
very encouraging to observe that the nonpumping water level is now the same
as it was during 1938,

The maximum leakage from the 5-inch casing was about 5 to 6 gallons
an hour with a differential water pressure amounting to about 150 feet.
Of this amount of leakage, some or all could have been through the
temporary plug. Conseguently, it is believed that the leakage that
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passes between the 5- and 6-inch casings into or out of the well is very small
and is of negligible importance at this time,

During the tests following the bailing operations the water level in the
well rose and fell, although it remained below the normal static level. (See
pl. 1.) The water level could have been affected by one of several different
conditions or a combination of conditions, such as a change in the weight of the
water column, caused by the addition of scale or the subsequent settling out of
the suspended matter; changes in barometric pressure; changes in the rate of leak-
age through the plug; leakage between the 5- and é-inch casings; and water seeping
down the inside of the casing, which had become wet during bailing operations.
The fluctuations of the water level, however, represented a gain or loss of less
than a gallon an hour, which was considered too minute for exact interpretation.
The writers would have enjoyed making additional tests to work out seemingly
inconsistent fluctuations at the low levels, but the collection of additional
data could not be justified, omnsidering the cost involved,

It was concluded that the "red and black mud" that clogged the working
barrel was pulverized pipe scale and rust that accumulated on the tubing and on
the inside of the 5-inch casing. The "red mud" probably came from the area
above the pumping level where the pipe was exposed to the air, resulting in a
greater percentage of iron oxide. The heavy black pipe scale may have accumu-
lated at any deptn, but most likely near the pumping level as the result of the
gradual release of pressure amounting to more than 1,000 pounds per square inch
as the water moved upward in the well. During goriods of pumping the temperature
of the water discharged increased from about 85 to 112-117° F,, depending upon
the rate and duration of pumping. During idle periods the temperature of the
water in the upper part of the well declined again to about 85°. This tempera-
ture change might result in some deposition of iron or calcium carbonate from
the water,

It is not possible to decide from the information at hand whether the
iron in the pipe scale was in solution as the water came from the formation
or was dissolved from the well casing. The second condition would be the
more unfavorable, namely, that the iron was dissolved from the casing in
the lower part of the well and was carried upward and deposited as part of
the scale in the upper part of the well., Water samples would have to be col-
lected from the bottom of the well during pumping operations to make certain
of the true composition of the water in the sandstone aquifer, and this, of
course, is impossible.

Several wells have been drilled and considerable work has been done on
the correlation of geological formations near the southwestern corner of the
State of Colorado since the Mesa Verde well was completed during 1932, It
now appears that the well may not have reached the Navajo sandstone. Below
is a quotation from a letter received from Alfred D. Zapp, geoclogist, U. S.
Geological Survey, Albuquerque, New Mexico:
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"Our stratigraphic interpretation of the log of the deep
well in Mesa Verde National Park, Colorado, follows:

0 - 400 feet Cliff House sandstone

400 - 885 " Menefee formation

885 - 1,175 " Point Lookout sandstone
1,175 - 3,352 " Mancos shale
3,352 = 3,423 " Dakota sandstone
3,423 - 3,896 " Morrison formation
3,896 - 4,085 " Wanakah formation
4,985 - 4,192 " Entrada sandstone

"The regional stratigraphy of the area, as interpreted from
published and unpublished material in the files of the Fuels Branch,
indicates that the present producing aquifer, the Entrada sandstone,
is probably the best one, and deepening the well, except perhaps for
completing penetration of the Entrada sandstone, is not recommended,
In the sequence below the Entrada, the sandstones of the Jurassic
Glen Canyon group are probably relatively thin and silty, and the
Triassic and Permian redbeds are not likely to include good
aquifers.”

i It should be kept in mind, however, that if the well is deepened and the
static water level stays at its present altitude, the means of extraction would
still be confined to a small pump, the upper discharge limit of which probably
would be less than 100 gallons a minute, In other words, regardless of the
capacity of the well to yield water, the actual yield that could be pumped
with a pump 4} inches in diameter would be less than 100 gallons a minute.

The well, even in its present condition, has considerable value as a
stand-by unit that might be used during an emergency if trouble were experienced
with the surface pipe line that is expected to be installed scon. Appreciable
scale probably would not form on the casing while the well stood idle. Thus
the well might remain unused and still serve a useful purpose.

Suggestions for reconditioning and operating the well

The following suggestions are made for reconditioning the well with the
thought in mind of getting the well back into production as soon as possible to
replenish the storage tanks, Item 1 was carried out during the latter part of
December when the well was opened to 4,162 feet; the yield is about 25 gallons
a minute, Later, more extensive repairs (items 2-4) can be made if and when a
greater expenditure of funds cen be justified.

1. Scrape and brush the inside of the 5-inch casing from the top
to a depth of 3,898 feet to dislodge the loose scale. Bail out
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2.

3.

ke

the scale and remove the temporary plug at 3,898-3,910 feet.

Clean out the screen to a depth of 4,133 feet and as much deeper
as satisfactory progress can be made. Make no attempt to retrieve
the slips that are believed to be in the well, Replace the 3-inch
pump and, while lowering it, add enough water to the

tubing before the cylinder reaches the water level to keep

water from entering the tubing through the standing valve.
Operate the pump in periods as long as possible and avoid

short shut-down periods.

In case the well does not yield enough water to supply the
3-inch pump (30 gallons a minute), then pull the liner and
screen; clean out the hole to 4,192 feet and replace the
liner and screen.

If the specific capacity of the well is increased substantially
by cleaning out the screen to full depth, about 1,500 feet of
the 5-inch casing could be removed so that a larger sized pump
could be installed,

If the gpecific capacity is not increased by removing and
cleaning the: screen, all the 5-inch casing, the liner, and
the screen could be removed and the well drilled through the
EntPada sandstone with a rotary rig. Five-inch casing and
screen could be set in the water-bearing formation, leaving
the 6-inch casing in the upper part of the well so that a
larger-sized pump could be installed.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE
ADDRESS: WASHINGTON 25, D. C.

THE DIRECTOR, NATIONAL PARK SERVICE
0CT 29 1948

Nr. M'l m,
General Manager,
lesa Verde 5
Hesa Verde Natiomal Park, Celerade.

My dear ¥Nr, Halls

We all appreciate your letter of September 20 eoncerning
the recent nine-day shutdown of the well at Hesa Verde National
Parik, Ve realise, only too well, how serious the water situa-
tion will remain until we complete a new water system to use the
West Mancos River as a scurce of supply.

Heving failed to obtain the necessary appropriations to
date, the funds are inciuded in the budget for the 1950 fiscal

year, with priority Bo. 1. The estimated cost of at least a
thdird of a milidon » however, has not received
aprresiable support by the od Congress. Such letters

\ewih) NEWTON B. DRURY)
AvVD:sh, Newton B. Drury,

ces Regional Director, Region Three (2), '
Mr. Dlnn.j/
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UNITED STATES
DEPARTMENT OF THE INTERIOR
NATIONAL PARK SERVICE

Region Three
Santa Fe, New Mexice

October 6, 1948,
MEMORANDUM for the Director.

Reference is made to Mr., Miller's memorandum of September 24,
relative to a supplemental estimate for the construction of the
Mancos River Pipe Line at Mesa Verde National Park.

In connection with this subject, there is enclesed Ansel
Hall's letter of September 20, addressed to Mr. Drury, and copy
of Mr, Rose's memorandum of September 27. Mr., Hall's letter
cites very clearly the difficulties which would beset him and
his company if the well does fail completely, or for a peried
of two weeks or more.

As justification for this project, either as a supplemental
item or for its inclusion in the 1950 Physical Inprov-nnt Appro-
priation, the following is submitted:

In 1931-1933 a water well was drilled in Mesa Verde National
Park, to provide water for domestic and industrial purposes and
for fire protection, This well was drilled to a depth of 4200
feet, whoro a supply of water wzs encountered. This water is
warm, 112°, and very highly mineralized. To make it potable,
it is necuury to cool it, and to treat it chemically and to
filter it. Even with this treatment, the water is hard, and has
a slipghtly objectionable taste,

Water is obtained from the well by means of a deep well cylin-
der type pump. This pump delivers 25 ¥allons per minute, This
well provides sbout 90% of water used in the Park, the other 10§
coming from the catchment of rain water, and rm the Spruce Tree

- Spring.

The well water, due to its chemical. content and temperature,
has a corrosive effect on the well casing, pump cylinder, pump
reds, drop pipe, and other metal parts with which it is in contact.
As a result, this well, which has been in service for 15 yu&“
has deteriorated to such a degree that complete failure
at any time.
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The last breakdown of the well on September 8, when the pump
was shut down for nine days, was by far the most serious develop-
ment since the well was put in operation 15 years ago, The great
amount of mud pumped from the well on this occasion indicates that
the lower portion of the well casing must be failing from the cor-
rosive effects of the water, and that, at best, the well can have
but a short life remaining.

Travel to Mesa Verde National Park has shown 2 steady increase,
with the exception of the war years. Visitation for the travel
year ending September 30, 1948 was three times the annual travel
of 1933, when the well was put in service. This increase in travel
is much greater than was anticipated, and if the trend continues,
additional water must be procured in the near future. To provide
this additional water, we have prepared plans for a gravity pipe
line from the West Fork of the Mancos River to the Park, to deliver
75 gallons per minute, This project is covered by PCP MV-U-12-2
and is estimated to cest §324,000. f

The Park is placed in such a precarious pesition with respect
to water due to relying upon a fast failing well, that we feel
that work should be undertaken on the Mancos River Pipe Line at
once, At best, it will take a year to obtain materials and install
the pipe line. Therefore no time should be lost in getting this
project under way. :

(Sgd) He Hy Cornell,

Harvey H, e?ruu,
Acting Regional Director.

Enclosure 862.

cec: Superintendent, Jesa Verde,
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MESA VERDE COMPANY
Operating
Spruce Tree Lodge
and Other Tourist Facilities
Ansel P, Hall, General Manager

September 20, 1948

Mr. Newton B. Drury, Director
National Park Service
Washington, D. C.

Dear Mr, Drury: Submitted Through The Superintendent,
Mesa Verde National Park, Colorade

Doubtless you have been appraised of the near-catastrophe which
recently almost resulted in the clesing of Mesa Verde National Park to
tourist travel. I refer to the nine-day shutdown of our one and only
water well which serves the whole of Mesa Verde National Park--the result,
I understand, of a serious condition several hundred feet beneath the
surface,

Having played the part of a vitally interested bystander during the
nine days that your Park Service personnel worked so energebically and
tirelessly to make repairs I want this letter to go on record as evidence
of our appreciation of their skill in meeting the emergency. Mr. Rose and
all of the members of his staff recognized the seriocusness of the situa-
tion and threw every ounce of emergy into making repairs that reestablished
our water service. Fortunately, the fight was won when we had only two
days supply of water left in the emergency storage tanks, Perhaps this
incident was not as spectacular as a forest fire but I can assure you that
the emergency was every bit as important to the operation of the Park as
we, whose duty it is to provide accommedations to the visiting public, so
thoroughly realize,

I understand that geologists and geophysicists claim that the life
expectancy of a well 4200 feet deep (as is our water well) is about ten
years. Having now exceeded this time by five years we local residents are
fully aware of the serious situation under which we live and operate our
business, It is guite conceivable that the next small subterranean earth
movement may completely shut off our water supply which, of course, would
mean closing the Park to the public.

To a concessioner who is currently having a serious struggle to keep
his operation on the black side of the ledger and, at the same time, recoup
war losses, this situation is very serious indeed. A shutdown which would
force us to stop serving the public for a period of two weeks or less would
completely ruin our whole year's operation--and a longer shutdown would
mean economic disaster.
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Mr, Newton B. Drury, Director -2 - September 20, 19,8

In view of the fact that our water situation in Mesa Verde National
Park is very evidently a sword of Damocles which may at any moment sever
the thread of tourist travel we urge that you make every effort to meet
the emergency by securing an immediate priority for completion of the pro-
ject which will bring us a permanent and unlimited water supply from the
nearby La Plata Mountains.

This whole water situation represents an extreme emergency upon
which we are entirely dependent for our existence as an operating National
Park. Please give this problem your earnest consideration and if there
is anything you can do to facilitate the securing of the new water supply
for Mesa Verde we hope you will use all of your influence on behalf of
the project.

Sincerely yours

(Sgd) Ansel F. Hall

#nsel F. Hall
AFH:mk General Manager
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Excerpt from

"Report on the Condition of the Deep Well in Mesa Verde
National Park, Colorado, with Suggestions for Repairing"
November 1938
by

Penn Livingston

The Deep Well
During drilling operations a small amount of water was found at

a depth of 765 feet and a little later when the well was 850 feet deep

a bailing test showed that the well would yield about 10 gallons a
minute. It has been reported that this was the maximum rate of
bailing and not necessarily the maximum capacity of the well. The
water level when at this depth was reported as 370 feet below the
ground. 850 feet of 12%-inch casing were set and drilling was con-
tinued. The Mancos Shale was encountered at 1220 feet, at which point

10-inch casing was set and cemented. The drill pagsed out of the
Mancos Shale into the Dakota sand at 3352 feet, and water from the

Dakota sand rose to within about 1560 feet of the ground surface.
The 8-inch casing was carried down to 3553 feet and a good formation
shutoff was reported, On June 6, 1931 work at this depth was dis-
continued under the first contract and was not continued under the
second contract until the first part of August of the same year.
During the intervening time the water from the Dakota sand filled
the hole up to a point about 1560 feet from the surface, This water
was bailed out and drilling comtinued, 6-inch casing beingset at a
depth of 3896 feet and cemented with 30 sacks of cement. Five-inch,
13.08-pound casing was set at 3934 feet and not cemented. Water in
the Navajo sand was encountered at L4085 feet and it rose to about
1200 feet from the surface. The depth of the well was carried to
4192 feet or 107 feet into the Navajo sand but the bottom of the
sand was not reached, The well yielded 24,000 gallons a day when
completed in June 1932, Following is the log of the material pene-
trated by the drill and a graph of the formations and the positions
of the well casings.
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Log of Mesa Verde Deep Well

June 1932

Thickness Depth
Surface 25 25
Sand, yellow 25 50
Sand, yellow 10 60
Shale, gray 15 75
Sand, yellow 25 100
Sand, yellow 20 120
Shale, gray 85 205
Sand 45 250
Shale 75 325
Sand 75 400
Shale, brown 95 495
Lime shells, (sand and shale) 35 530
Shale, brown, (small volume of water) 135 665
Sand, water 40 705
Shale 65 770
Sand, water 20 790
Shale, brown, caving 40 830
Shale, 13,500 gallons of water per day 55 885
Sand 165 1050
Shale 10 1060
Sand 38 1098
Shale 22 1120
Sand 55 1175
Shale 2177 33
Sand, hard shells 80 3432
Shale, green 121 3553
Shale, green and red 207 3760
Sand 9 3769
Shale 41 3810
Sand 32 3842
Shale 23 3865
Sand 31 3896
Hard lime shell, with soft shale 189 4085

Sands, buff to white, large volume of
water 107 4192
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Note: The graph mentioned on the first page of the foregoing
excerpt is not reproduced here, since it is identical with the
one in the Final Report, listed as item 2 of this assembly.
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Our ostimate for meking these i provements is approximately
$2,000, Inssmuch as money has been allotted for this projeet, if
1 understand correstly, my suggestion would be to make this change
st vhatever time is most convenient to the park.

Hitheut doubt, your present micker rolds beimg mew could be
used in the larger 4~3/4 imeh pipe, tut it would be & zood plen,
it semas to me, to have the larger sucker rods availsble for inm-

sertlon zhenover these gave cut.

Taking all thimgs together, it seens 1o me thet our susgestion
for pwsping through the larger barrel, ete., ie so full of possi-
bilities for greatly improving the pumping service thet we have mo
hesitation in recommendings it.

Sinmecarely yours,

F. Ae Eittredge,
Chief Engineer.

tuoan B

ec The Director
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UNITED STATES
DEPARTMENT OF THE INTERIOR WWIV

"NATHQNAL PARK SERVICE
~a2 "‘\?l}t N /Q‘,A}J\Y
RDE NATIONAL PARK

l\<;|\A COS, COLO.

OFFICE OF THE SUPERINTENRENT 3eP 2 9 193]

September 25, 1931.

The Director,
National Park Service,
Washington, D. C.

Dear Mr. Director:

In accordance with the understanding had with the appropriations
committee and Mr. Bailey of the Bureau of the Budget, I am submitting
a deficiency item intended for completion of the water well at Mesa
Verde.

As requested in your recent undeted letter I submit the following
brief report of the project to date:

The well is located 1% miles north of the headquarters area on
Chapin Mesa and is equi-distant between Navajo and Soda Cenyons. There
were two factors which determined this location: +the first, a volcanic
dike which upthrusts through the mesa cutting sandstone strata in a
northeasterly direction. Since the subterranean flow of water is from
the mountainous regions tc the north it was necessary to locate the well
north of the dike since this igneous material, which geologists estimate
rises from infinity, may have scted as & barrier to the flowing water.
Second, the equal distance between the two major canyons was desirable
so that if water hed been encountered in the top-most strata the volume
would not have been impaired by seepage in the canyon walls.

The hole was spudded-in with an 18-inch bit December 22, 1930, and
drilling continued to 80 feet at which depth the bit was reduced to 15-
inches..Work then progressed satisfactorily through a series of lenses
of shales and sandstones to a depth of 765 feet when a slight flov of
water was encountered. As drilling continued this flow of water in
running over the soft, brown shale caused considerable caving. At 820
feet a real water-bearing sand carrying 13,500 gallons per day was
opened. By careful operaticns this sand was penetrated and at a depth
of 850 feet the 12%-inch casing was run to shut off the flow of water.
Baling tests were used to determine this 13,500-gallon flow. After the
baling test had been accomplished the water level in the hole had not
been lowered which, of course, was indicative of a good, substantial flow.
Hydrostatic head or pressure in this particular stratum was sufficient to
raise the water 450 feet in the hole. It would be practical to produce
this water, but since the flow is limited to 13,500 gallons a day and the
seepage producing this quntity is only from the drainaze of the Mesa
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Verde proper, this source is neither adequate nor reliable. For the afore-
mentioned reasons, then, drilling continued snd no more water-bearing sands
were penetrated until a depth of 3352 feet had been reached and the Dakota
sands yielded a very minute quantity of sulphur water. The Dekota forma-
tion was but 71 feet in thickness so the 8-inch casing was underreamed,
carriéd through the sands and placed safely on top of the McElmo formation.
The water-bearing sands of the MoElmo were the original objeotive of this
project but owing to the fact that the strata lying above this formation
were much thicker than anticipated a depth of 3432 feet was reached before
we encountered the McElmo formation.

In the water wells at Shiprock, Farmington, and in other areas adja-
cent to the park the third sandstone lens in the McElmo formation usually
carries the major water supply. This lens is approximately 300 or 400 feet
below the top of the formation, consequently it will be necessary to drill
approximately 400 feet additional before tapping the water sands.

Information recently received is of wvital importance to this project.
In the well at the Indian school at Towaoe, just a few miles west of park
headquerters, the McElmo sands were almost dry, but an excellent flow of
water was encountered just at the base of the McElmos in what is known as
the Navajo formation. In a new deep test well at Shiprock the same thing
occurred and the Nawvajo sands are producing an exceptionally fine supply
of water. It is the purpose, then, of the estimate submitted, in which we
allow for 700 feet of additional drilling, to enable us to drill through
the McElmos, if necessary, and open the top of the Navajo formation.

At the present time the Mesea Verde well is drilled to a depth of 3553 —
feet; the 8-inch casing safely landed on the shoulder of the McElmo forma-
tion, and the hole is in such condition that we are ready to begin opera-
tions without any delay or difficulty.

I am alsc enclosing with this report a log of the well showing the
different water-bearing strate and the present depth of the hole. In the
enclosed estimate it will be seen that the estimated bid prioce per foot
is in excess of the cost per foot for the first 3500 feet of drilling.
However, it should be remembered that the greater the depth the grester
the hazard, and progress must necessarily be much slower because of the
time lost in putting the bits and bailers in and out of the hole. The
item of $2,000 submitted for extra work is important because we must have
sufficient funds to accomplish the necessary finishing in order to plece
the well in readiness for production. This work will include such mis-
cellaneous items as back-filling in back of the 12%-inch caging, the
setting of casing head, and numercus other minor items. The original
sllotment was $42,500; the total expenditures $41,235.18, leaving an
unencumbered balance of $1264.82.

I trust that this resume of the preject, as well as the items esti-
mated for the continuation of drilling, will be sufficient information
for working up the deficiency item. May I refer you for more detailed
statements to my letters of May 21 and 227,

Encs. uperintendents.
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ESTIMATE FOR WATER WELL

Labor:

Drilling (700 f%. estimated @ $12.00 per ft.) .....$8,400.00
Underresming (estimated 150 ft. @ $10.00 per ft.).. 1,500.00
Extrs work (cementing casing; placing casing

head; backfilling, and other necessary

work to leave hole in satisfactory

condition for production) estimated @

$125.00 per day for 16 days eveveevesescsessae 2,000.00
Force sccount by park forces (hauling casing

from Mancos to park, 180,000 lbs. @ 25¢

per owt., $400; msc. items, $200. evvveveersss  600.00

Total a1l 18bOF cevvernnresssaBle, 500400 $12,500.00

Casing and supplies:

3700 £t. 6-5/8" 26-1b. Lapweld (purchased from
1930-31 appropriation and now in storage
Chester, Pa.) ci.ceeerereureieernnenncennannn, .00

4200 ft. 43" 15-1b. seamless casing @ 90¢ per ft. . 3,780.00
Cement, 100 sacks @ $1.20 per 826K cv.vvveveseessse  120.00
Cement hardener, 20 gals. @ $10.00 per gal. «...... 200,00
Freight on all supplies @ $1.38S per owbe seseesss. 2,300.00

Total supplies & fraight ......36,400.00 6,400.00

Contingencies:

Includes purchase of additional casing, cement,
etc., if necessary, and to meet other
oxigencifl of drilling eececescecassassasasass 1,100.00 1,100.00

L 1]
TOTAL ESTIMATED COST +........88,000.00

9-256-31

Maps and Miscellaneous Information



12-23-1948: deep well log
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00-00-0000: topographic map of deep well at mesa verde national park: test to determine leakage, december 12-15, 1948
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