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¢n November 4.' 1949, the -m-bn the &,192-foot well st the Mesa Verde
Netionsl Park failed during pumping operations. Several failures had been
caused in the yﬁt by sediment sradually scoumulatinz in the standin: valve
of the cylinder pusp, Eowever, after clesning the mmy and instelling 1% in
the well on Fovember 8, =o mater could be pumped., There was apparently so
mich sediment in the water t¥at the pump cowld not be put back intc operaticn,
As the well 1s the ouly pressnt source of water for tho Park, it was impers-
tive that pumping be resumed as soom as possible,

¥Wr, Tobert H, Rose, Superintendent of the Park, reguested the essistance
of the 7, 5, Jeslo leal Survey in makin: aun investimilon to determine ‘tha
cause of the zrouble nnd to ascertalin the goneral condition of the well.
In eddition, it wes requested thet suggestions be ~ade in regard %o rebatilie
tating the woll, The writers were assijned %o npeke thc investi mtion and wmere
at the fark frum Decenbher.€ to lecembor 15, 19448,

Brief history of deep well at Ness Verde
Sational Park, 1338+48

The Park well was completed in sandstone at s depthk of 4,192 feet in
1932, Accordin: 0 the well log, the well is cased with 12)wime: pipe from
the surfece to 860 feet; lU«inch pipe lrom surfamce to 1,220 feet (cemented
at bottonm); S-ineh pipe fron surfece to 3,583 feety G-inch pipe from surface
0 §,096 feet (cemented at bLottom); S-inch pipe from surfece to 2,934 feel;

3=3/4-1nch liner from 3,012 tc 4,062 fest; and 130 feet of I)<inch Ne'woy



.z'
button sereen pipe tran ‘.061 to 4,192 foet, . i) ‘
Yellowing the teats by uvm utln dnpnn. vhuhm oon~

iy Liviagston, mu. Report on the sondition of the dnp-uu 4n Hesa
Verde National Park, Colormdo, with sugjestious for repairiang. Typewritten
report ir files of D*Aoml Park dervice amd ¥, §, mologiul &muy,
mbll' 193¢,
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plated on Roverber ®, 1583, the Laatex casing pump was ut,uu'o. 'ul the ofd
Seineh cylinder punp was reinstalled in the nli. The pump oylinder was set
£ & depth of about 1,600 feet below the Iand surface and opsruted with a
gtroke ol 4 feat, 8 inches at & rate of 22 w- & minute, The barrel wvas
10 foet lon; snd 2 25/32 inches in inslde dianster, The discharge column
was 2-7/8 lnches in inside diameter and the sucker rods were 7/d-inmeh roind
iron. ®hem the pamp was in zood comditiom it would diseharze about 50 gallons
& sinites as the leathers wore, the discharge would decline to 25 gallons &
minute, New leathers w.re required about ﬁu a month and about onse emsh
year the eylinder seas removed snd e new standing valve was instslled., oOn
seversl ccossions durin: the period 1958-48 the pump stopped discharging
water rnd when the oylinder was rmvsd it vme found to be cloyped with
"mad and seale,” Mo new Subing or sucker rods have been installed since
about 1942, The rods ere in good eondition but o, of the tablnyz is worn,
¥o repalrs or changes wers made in the well casing since the inspection was
completed in November 1938,
‘n deptember 3, 1948, the pamp stopsed disabargin;vater end when the

cvlindor was removed the stexdin_ velve wms clo: ed with "black muad? 2After
the eylinder was cleaned out considerstle ﬁmxhh was sxperienced in getting

the pump back inte operstion on September 1€, 7Tl same troudle developesd on
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October I but by Cctober 7 ‘he pump was baok in operation. On November 4
the cylinder clogied s min, Several atteapts to puap water were unsucoess-
ful, oven with as much as 1} hours of pump operstion,

The Florence Urillin: Company, Azteo, XNew uexico, was employed tov cleen
out the well and *hey moved in a Cordwell ceble tocl rig on Yovember 22,
Bailins cperations began on Vovember 2€ and ar obstruction was found st a
depth of 3,010 feet., A f«inech lmpression Llock was placed on the obstruction
and it was believed that a good impression was obtained of e metal slip (&
tubin =catcher do; was bellisved o Mave heen lost in the well scveral years
20, ses liese ‘erde Park of fice flles) abcut € inches long, & inches wide,
e2¢ 3/4-inch thisk, The obstruetion was dislodzed Ly a few 1i:ht blows
with the bit., Cther temporary obstruetions were found et 4,002 and 4,022
‘eet, and the tit was lowered to 4,087 feet without further truuible, A
30=fout lengt:r of 2-7/8<ineh tubing was lowered to 4,114 feet, Pvidently
the twp of the 3=3/4=inch liner was encountered at 3,910 feet snd the top
of the 3. -inch scresn at 4,067 feet (compared with 3,912 and 4,062 according
o the log).

Desoription of investization

The wrivters arrived at the Fark on Desauwber €, and spent the afternoon
in conference with Messrs. Tose, Drown, Felson, and Beylend of the Park
arvice; and ¥r, Cooper, an eaployee of the pgteec Urilliin; Company, It
seemed to be the consensus that the slip or slips that had been lost in “he
well gseveral years e ¢ had been disledged with the Lit on Novexber 27, and
had fellen to 4,114 feet where they hed eitler bridjed the 'ole or rested
on debris in the bottam of the well., ''n December 7, twe iapression Llooks

were run 40 a depth of 4,114 feet, but no reco nigable impressiocn of the
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slips was found, DBalling operations Legsn with a sand pump in order to
uncover the slips or work them down, About C.7 cuble oot of black senle
was recovered durin: the day, including many large pieces(as larze as

£ squere inches) between 1/1¢ and 5/16 inch thick that fitted the inside
of the U-ineh pipe., A smmple of the seale wes collected for chenicsal
aralysis, The sand pump finally resched a depth of 4,133 feet at the close
of the lay. On December & ballin; with & saell dartevalve baller jave poor
results, so bailing was resumed with the sand pump, on which repairs had
been attempted, On Uecember 9§ the Geclogical Survey's deepewsll current
meter was lowered to e depth of 2,800 feet, % no movement of water inaside
the feinch casing was found., The meter was eguipped with a rubler ring so
thet all the water would move through the meter., Any flow of water reater
than @ mllon a minute cculd heve been detected easily. The noapumping
wvater level was about 1,302 feet Lelow land surflace,

#ith the well open % =n depth of about 4,130 feet, expeszin; between €0
and 70 feet of screen, a tes” was mede tc determine the present specifle
csapacity of the well, This test was made to determine if the acreen wore
open abeve 4,135 faet and 17 it were iuperative to open the screen below that
depth to obtaln a supply of 30 gallons a nimte, Water was introduced into
the well at the gurface at & rate of £ gallons a mimute starting at 4,45 p.n,

on lecember 9 and ending at €407 pom. The water lavel rose about 17 feet



darin ¢ the test snd ha an setimated ultimate rise of 17 feet or wore, iniicsting
a rise of about 3.5 feet for eech gallon a minute of rechurge (fis, 1).
Conversel), if tla well were numped it would jleld water al aporoximstely tie
same rete per oot of drawdowns 4t a pumping rate of 2O gal ons a minute,

the drewdown would be asout 120 feot,

“hen bailing was discontinued on Degsmber -, it seemed evi ent that pipe
acale mas belng loosened from the S~inch Gasing slout ag fast =8 L wes being
recovered with Lhe sand pums, res lting &n little uro res: towari opening sore
screan ot the boltom of the well, it was believed tinat bet er . resress cuald
be male by sel ing a plug st the toy of Lhe liner at 3,910 feet, scalin; the
plpe from ths top dosn 80 3,710 fest, and recovering the scale with a lLarger
sized baller tihat wsould pass into the 5-Ligh casing. If the piuy were waler
Li L, the 5-lnch casing coulu aiso be tested Tor leaks, .41 opening in the
S=inch casing at 1,323=1,336 feet was found in 1937 (see 1537 manuserinl re ort),
but 1t was not jowwn vhether elreulallon of water botwsen Lhe 5~ and G-inch pijes
had developed torough Lhig openluge n Decomber 10, L340, an attenpt was mde
to bridge the casliy at 3,910 foet with a bas of beans, The ba:s was holl in
place ‘op several hours, bul when the tocls were crought out it was loarned
that the bag had been woru through by “rletion an Lhe »ipe wille “eing foreced
downe N Jscexber ll arother plug was "ade of sand be 3 wrapred in canves, I8
was lowered Lo Lhe water su-face, where it =as relessad and allowad to settle by
its own welght, The plus was then followed to a depth of 2,400 feet with the
dee ~well meter and with Lhe said muyp to 3,700 fest witiout mulle, It was
ascumed that the plug stor ed at the top of the Liner at a depth of 3,510 feet,
About 0,1 eubie foot of ‘ravel followed & L 6 cuble fest f sand was eured
inte the well and aliowsd Lo set le overniglt to the top of the plug, The next
moruing Jecember 12, the baller was owored into the well ww stonped cn an

obatruction, presusably the top of L e sand, at 3,995 fet, Dbout 1) gal.ons
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of Amuagel was lowered in the dart-valve bailer and durped at 2 depth of 3,892
foet by means of dwmeotick, The only knowm waterbesring beds exposed to the
walls vere thus apimrentiy shut of f, snd the easing was read: to test for leais
by raleing the water levvel abuve Lhe nopsal ronpuaping level and abﬁorvln.r, &y
decline of water Leveli, :
Jtarting at 3122 P, e on Jecember 12, five gal ons a winute of water was
diseharged into the we.l at the surfase for 10 minutes, which raised the water
level ghout 35 feet above a starting level of =swut 1,303 fest, The rise
amounted to about 1 foot for each 1.3 galious of wate~ ailede This volune
ohicked closely with the volwme of the 5=-inch eaming plus the annular space
between the 5= and Geineh @ss'nge, The water lLevel lowered sbout 2 feet during
the hour after the psak had been reached, indicating a leaknge of about 3
gnllons an houre gain wster was sdded for 10 mimutes ot the rate of 5 gelions
a minute, sterting at 5105 pe @mey and the water level rose an adi tional 35 Ceet,
making o total rise of zbout 70 feet nbove the initial level, - ter reaching
the neak, the water level declined g‘mt 16 feet during # pariod of shout
53 rours, inddeating leaimge of zlout 4 er 5 gzallons sn hour, ore wster was
alded st 11:00 pe m, to raise the differential water pressure on the plug to
about 151 feot, The decline of the water lavel w:s oboorved until 3145 a. me
and again at 2:00 a, m. on Jecesber 13, The rate of deciine was 33,5 feet
tuping £ hours, indicating a rete of leakage of 5 or & gallons en Mour. Further
observations weres uade on Lhe decline of the water lewvel during the svening
and into the mowning of Jecesber 1 , after a brushing tool for dislodging
scale from the 5=ineh pipe, devised &n the iark ashdne shop, had been used
in the well durin  the working lotrs on Jecember 13, The water lovel was
_ lowered by bailing during two poriods on lecerber li, and observations wade
of the water level in the well while it stood bolow the normal renpuncing
level uotil 9100 a, me On ecember L5 |
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The data collected in connection with this balling operation ap esred Lo
glwve pesulis Lhat were inconsistent aith conditions. (see pe 1l,)
however, as the cost of following t £3 80 & concluaion did not a rear o be
Jjustified, testing of the well was dlogontimmed, &nd brushing-iown operaticns
on the well were remod,

The 721l wuas cleaned oul to a deith of 4,162 foet, and on Lecsaber 30, at
mm..n.,mm bepune The water at the begimming of the jumping period
wgo black but eleared b 7 pe @ms Fumping ocontiimed without interruption until
Jomuary 1, 1947, after which a nommal puaping schedule of tws d-bour shifts
was resuwsed,

i water saunle wae colliected fruwm the well on Jamusry 5, 1949, after the
well had been pumped for geveral hours ot the prate of about 25 galloas per
minute, The analysis of this smaple, shown below, was by J, U, fem, Uy O,

eolopieal Survey, albumer uo, lew Xexico,

Chamical analysie of waler from lesa Verde Uark

Eute per ?;m per

adliion _ailiion
5iliea (5205) 23 fesperature 1129 7,
Iron (Pe) ok davon (B) 0.1
Kan;.nese 0403
Galoius (Ca) 35 Assolved sollds: 1,100
Hagnesium (¥g) 1 S/
olium (¥a) 3 326 Harndness as Calls:
Fotassium (K) Total 132
loncarvonate 4]

Hearvonate (wo,) 352 Speeific oo
sulfate ( 525 (ﬂmma 299 Ce)1,59%
Chloride ( 1.8 pH 76
Fluoride (F) 1.7
B 0%

® TObal LYon 7.5 P, B0StLy U gediment,

inalyses were also made by J, U, Ham of the pipe scale recovered with
the bailer and of the "mud” token (vom tnd puwp eylinder, as ahow. below,
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Deposit on trevelin: valve
0. 57
Jeposit on standiing velve S0 18 647
Flack scale in chunks tnken with
baller (4,113°) 42 ol Feb L7 #
Hlack mud token with baller (4,113%) &4 8.9 2o £

%

a(i smell amount of "iroson sulfide was liberated when the derosit oblained
from the cylinder was dissolved in sma regle, ™he iron that mas present as
sulfide wone astimsted ag less than 1L percent, The sesle recovered fram deep
in the well eontained considersble smounts of sulfur, probably in the form of

ferrous sulfide,

sonclasion
fhe specific caj@city of the wall on ecexber 9, L4%, when L1 well was
open to i,133 fest, was somewhat less Lhan, alticugh comparable with, tha specific
capacity thet was ‘ound during Tovember 1038, It was vary engour.cing te
obrerve Llwt the nonpumping water lsvel is nom tio sxae sz 1t was during 1988.
I'he maxlaws lease from the 5~inch ¢asaln: was about 5 to 6 galious en
pour with a differentlal water pressure sowting to about 15 feet, Of this

ancunt of leausse, some oF all could have boen through the temorsr: lug.
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" Consemently, it is helleved that the lecksge that pesses betueen the 5=
end Geingh easings into or out of the well is wvery omell snd is of neglie
sible importance at this time,

During the tests following the bailing operations the wmter lével in the
well roge und fell, although it remained below the normel static level, (See
ple 1,) The wator level vould have been sifceted by ove of several different
sonditions or & conbination of conditions, such as a chemge In the welsht of the
wvater colum, ssused by the sddition of seale or the subssquent setiling out of
the sugpended matteyr; shanges in barcuwtrie pressurej shenceg in the rets of loake
age through the plug; lsakege between the 5= and Ge=inch cesingsy snd water seeping
down the inside of the sasing, whieh hed begome wet during bailing operations,
The fluctusntions of the water level, however, represented a gain or loss of less
‘than e gallon an hour, whish wes considered too minute for exset intorpretation,
The writers would hsve enjoyed meking additional tests %o work out seemingly
ineonsistent fluctustilons at the low levels, i the eollection of additional
date could not be iustified, considering the cost involwed,

It ves soncluded thet the "red and blask :md® thst clogged the working
berrel wes pulverimed pipe seale end rust thet seouml:ted on the tubing and on
the inside of the 5=-inch cesing. The "red md" protably ceme fyou the ares
sbove the puaring lavel where the pipe wuss exposed to the afr, resulting in a
sroster percentase of iron oxide, The heavy black pipe scale nay have agoumlated
ﬁm&vﬁh,htmtlikelyrmmmdnglwnluthareaultofunw
relesge of pressure mscurting to more than 1,000 pounds per square inch as the
water roved upward in the well, During periods of pusping the tempersture of the
water discherged increased from atout 85° to 112-117° F,, depending upon the rate
and durstion of pumping. During idle pericds the tempersture of the water in the
upper pert of the well declined agein to ebout 85° This teaperature chenge might
result in some deposition of iron or caleiun carbonate from the wuier,
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It ig not poseilbile to declde from the informstion st hand whether the
iron ir the pipe seale wves in sclution as the weter came from the formetion
or vam dissolved fros the well cssing, e second condition would be the
more unfavorsble, namely, that the Iron wes diasclwed fyom the casing in the
lower pert of the well and was cerried upward and deposited as pert of the seale
in the uppep pert of the well, later sanples would hawve to 'e enllected fyam
the bottem of the well) during pmmping eperations to nake csrtaln of the true
scapogition of the walsr in the sandetone aquifer, and this, of course, is
Impoesible,

seversl wells heve been driiled and considersble work has been done on
the correlatio- of geoloricel formations near the seuthwestern corner of the
State of Loloredo since the Meza Verdes well wes coupleted during 1932, It
now app are bhst the well may net have reschad the Hpvalo sandstone, Delow
is & quotation {yom a letler received from Alfred U, Zapp, ssologist, v, S5,
Geological Jurvey, ilbuquariue, “ow “exigo:

e ciretigraphle interpretation of the leg of the deep
wel! i- lesa Verde National Fark, Jolorado, followss

0 « 400 feet Clirf House sandstone
400 « 885 ™ Nenefee formation
885 « 1,175 " oint lookout sandstone
1,175 - 3,39 ¥  Vancos thale
3,352 = 3,423 " Dekots sendstone
3,423 = 3,896 * orrison foruntion
3,896 = 4,085 ¥ lenakah formetion
4.985 4,1% ¥ Entreda sacdstons
"The reglons]l stpratigrephy of the eree, as intermreted fram
published end umpublighed moterial in the filess of the Fuels Srench,
indiseles that the present produeing squifer, the Intrsdia sandstone,
is probally the beat one, end deepening the well, axeept perhaps fop
sonpleting panciretlon of the “ntrede sendstone, is not resammended,
In the soquense below the Entrada, the randstomes of the Jurassie

Glsa Jengon group are ppobably relatively thin end ailty, mnd the
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Triassie end Permien redbeds sre not likely to inelude pood
squifers,”

It should be kept in ~ind, howevor, thet if the well is deepened snd the
atotlie water lswel stays et its present sltitude, the wears of ertructior would
still be confined %o a szall mmp, the uorer dissherpge lindt of which mrolably
winld be less than 100 gallons a mimte, In other words, regardless of the
aspecity of the well to yiald weter, the actual rield thrt soul’ be pumped
vith 8 puap 4% inches in diswetar would be less then 100 gallons a uimute,

he well, aven in it3 present candition, "ss congiderakls welue as a
standely unit thei aight be used during sn emer;ency U troubls wore amerisnoced
with the surface oipe 11n0 that is expasted (v he ingtalled scan, Appreciable
soele probebly woull ncl form on the anglinge wi.ile the well stood 1Cle, Thus
the wall nizht remsin uwmged an? -441) zerve 2 um':ﬁ).l PUDOSA o

Juggestions for fecorditionin;: and Upersting the 'ell
‘o {ollowing suggestions sre zade for rooénditioning the well with the
Lhoght Lo 2ind af getting the well back intc production es socon as pogsihle o
reslenizh the plorase tenks, Ite: 1 was cearried out during tae latter part of
Degember wher the well was opened to 4,162 feet; the yicld is shout 25 gallons
e nimite, Lster, more erlensive rapairs (itens 2=4) sen be nede if snd when e

grootar expondilture of Mards oas be justifled,

1, Jorepe and brush the ingide of the Seimch cazing from the top
to e depth of 3,798 fest to dislodze the looee soale, lall out
the scale and remove the tesporary plug ot 3,8968-3,910 feot,
Slean out the screem Lo & &pth of 4,133 feet and aa mmch deaper
a8 satisfectory prop'ou can be nade, ‘eke no attemnt to retrieve
the slips thal are Z.‘mgoa-wu the wall, Panlage the Jeingh
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3.
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tublug befors Uhe aylinder reashos the uater level %o keep
vatsr frou entering the tubing “hrough the standing vslve,
Operate the pusp in pericods as lorg ss possible end svold
ghort shubedown perinday

In anse the well does not yleld encugh weter to muprly the
3-inch pimp (30 geliome & ~imite), them pull the liner snd
seresn; alean oul the hele $o 4,190 feeat and replace the
1liner sn’ soreen,

Ir the mpeaifie cspasity of the well is incrensed mubsiartially
by eleaning out the seween o Nl depth, sbowt 1,500 feot of
the Seinah o~ .alng eonld » removed so that a larger sized pee
sould bo lnstalled,

If the specific sapeaity fa not Sreressed Yy removicg ond
mmw,mmﬂnchmm.thclhw)ﬁ

the seresn sould be removed and the well (rilled through the
Intrude sendstore with o rotary rig, Fiveelnch ~rsing snd
sereen could be set in the weterebesring formation, lesving
the Gwingh sssing ir the upper pert of the well so thot a
lorger=gized pump aould be instailed,
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