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PU RPOSE

The purpose of this report is tv provide the United States Army

Corps of U ieura Omaiia District, and the United States Arny Chemical

Corps with a readily accessible, dibcernible, and definitive record of

all data. activities and events relating to the drilling and completion of

the Rocky Mountain Arsenal Pressure Injection Disposal Well. It is

I intended that this report serve as a comprehensive reference, sufficiently

I complete to cover minute details, and yet arranged in such a manner that

the most salient, aspects of the operation may be examined independent

i of details. The report is presented in three volumes. Volume I includes

discussions of the operation from the design phase through the final com-

pletion. Detailed statistical and tabular data are included in Volumes II

I and I1.

It is not the intent of this report to discuss the initial injection

ope rations. This is to be covered in detail in a subsequent report of the

I initial fluid injection characteristics.I
I
I
I

I
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I A~BSTRACT

The Ro(Lky M.i-'- Arsenal Pre3urv lt". iOn Disposil Vell

was drililed for th;y, United States Army Cheniical Corps b' the United

States Ary CQrpbof n'in"l'-, Omaha DiztrlcL, The firn4 Qf L. A.

Polumnbus, Jr., and As-wiatts, IL., served as consulting and nia~gv-

rint ungineers a consulting gvrilogists to the Gorps of Engineev in the

design, drilling, and completion cf the well. The well was drilled to provide

access to underground strata which could be used as waste disposal rt-servoirs.

Drilling operations on the well, which is located on the Rocky

M vtountain Arsenal grounds, comnienced on March 10, 1)6 1. Loffland

g Brothers Company was contracted to drill the well. Th:- well was drilled

to a total depth of 12, 045 feet ttern inating in crystallin, rocks of pre-

I Cambrian Agt'. The drilling rig was released on Septvibn er 28, )61.

I and the construction phase of the drilling well operation was considc.red

compl:'ted on Novemtber 30, ih6, when the well head equipiaent was

I installed and the well turned uver to the Chtmical Corps. This ruport

cov.ers tht. operation to this stag

In tht design and drilling of the wull and in the identification,

I evaluation, protection, and tetiting of potential injcction reservoirs, brwad

adaptations of tools, techniques and praclices developed in the oil industry

we 'e requir4'd.

-
I
1
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7
Problems resulting from natural characteristics of te formations

penetrated ranged in severity to economically serious and critically

i hazardous. Exposure to drilling fluids of the long chale cectlon froma

1 _2, 020 feet to 8, 485 feet for a relatively long period of time, coupled with

lost circulation in lower formations, created an intricate and difficult mud

control problem as well as a keyseating problem. The highly fractured

SI formations occurring frequently from 9, 600 feet to total depth resulted

in coring difficulties, and a reduction in the desired numznber of drill stem

I tests as well as lrst circulation problems. The quartzitic nature of the

I rocks below 9, 600 feet resulted in slow penetration necessitating the use

of a large nitriber of drill collars to achieve high drilling weights, h-gh

I bit consumption and high frequency of roundtrips to great depths with the

I crill string. Cominations of the above adverse drilling factors resulted

in the necessity of setting the 8 5/8-inch long string of casing at 11. 171

I feit instead of II, 400 feet. This in turn necessitated setting a 5 !/2-inch

liner ir the open hole below the 8 5/8-iich casing for which no provision

was made in the original program.

I ~During the drilling of the well, all formations were critically

examined, and where possible, those showing any potential as injection

reservoirs were cored and drill ster tested. A total of 639 teet of

formation were cored and 14 formation tests were attempted. The injection

. reservoirs with the greatest indicated potenti. to accept fluids were found

-3-
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7!
below 9, 600 feet in fractured portions of the Lyons and Fountain formations

and in the pre-Cambrian rocks.

I To accommodate the specifiL-d injection volurre of 400 to 800

-: 1 gallons per minute at 2, 000 psi surface injection pressure and to isolate

effectively the potential injqction reservoir from shallow fresh water-

SI bearing beds, Z0-inch casing was set at 135 feet; 13 3/8-inch casing at

S2. 020 feet; 8 5/8-inch casing at II, 17i feet, and a 5 1/Z-Inch liner placed

from 1,, 007 feet to 11. 975 feet. To insure complete isolation, each

I string of casing was sheathed with cement for its entire length. Injection

I of fluids is made through 5 1/2-inch tubing set in a packer at 8, 998 feet.

The well was completed with the open hole section in the fractured

I pre-Cambrian rocks from 11, 975 to 12, 045 feet serving as the present

injection zone. Preliminary injection tests showed the zone to be capable

of initially accepting the desired volumes of fluid.

I
I

I
I
I
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I DESIGN CONSIDERATIONS

INTRODUCTION

Disposal of waste fluids from chemical plants at the Rocky Mountain

Arsenal was first recognized as a problem of major consequence when it

I was found that unsealed evaporation pits permitted leakage into shallow

I aquifers, contaminating an important water supply near the surface. In

order to meet this emergency the Chemical Corps of the U. S. Army sealed

I a large earthen pond, designated as Pond F (See Figure I for location)

3 and commenced accumulating waste effluent into it. The rate at which the

waste material accumulated exceeded the rate of evaporation to the extent

I that the capacity of Pond F was expected to be reached in late 1961. Alter-

3 native methods for handling these waste fluids on a more permanent basis

in the future were considered by the Chemical Corps, and it was decided

to drill a deep pressure injection disposal well near Pond F. The design I

and drilling of this well were assigned to the U. S. Army Corps of Engineers,

Omaha District.

The feasibility of disposing of chemical waste fluids from industrial

3 plants and refineries into subsurface reservoirs has been well established.

It is not uncommon to seek suitable injection reservoirs at depths approach-

ing 7, 500 feet although the preponderance of wells drilled specifically for

this purpose has been considerably shallower.

I A .1,'1AW AI
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The design and drilling of a disposal well at the Rocky Mountain

Arsenal involved broad adaptations of techniques, practices, and equip-

II ment employed in the petroleum industry. In like manner, the identification,

evaluation, protection, and testing of potential injection reservoirs in the

well required the application of drilling technology, petroleum engineering,

I and peological practices developed in the petroleum industry.

3 The Corps of Engineers, therefore, engaged the consulting

petroleum engineering firm of E. A. Polumbus, Jr., and Associates, Inc.,

1 under an Architect Engineer type contract (Contract No. DA-5-066-eng-

36033) to design the injection well, supervise the drilling, provide the

necessary engineering and geological services, and manage the project.

The basic design specifications were to locate, evaluate, and provide

access through a well bore to an underground reservoir or reservoirs near

Pond F. The underground storage facilities were required to be capable

__ of accepting partially treated waste fluids for a number of years at rates

3 up to 800 gallons pe minute at a maximum surface injection pressure of

S2, 000 psi.

The proposed design for the Rocky Mountain Arsenal Pressure

Injection Disposal Well was presented in the "Final Decign Analysis" sub-

mitted to the U. S. Army Corps of Engineers, Omaha District, by E. A.

Polumbus, Jr., and Associates, Inc., on July 5, 1960.

I
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OBJECTIVE DISPOSAL R ESERVOIRS

Eight geologic formations, or unlts, underlying the Arsenal grounds

were considered as possible injection reservoirs. Theme are: the Hygiene

sandstione, the Codell sandstone, the "J" sandstone, the Dakota sandstone,

the Lakota sandstone, the Morrison formation, the Lyons formation, md

I the Fountain formation. The preliminary estimates indicated that a complete

I penetration of the Fountain formation, terminating in pre-Cambrian rocks,

would require the drilling of an 11, 400 foot well.

I CASING AND HOLE PROGRAM

I The casing and hole program not forth in the Final Design Analysis

is summarized as follows:

Depth Hole Size Casing Size Tubing Size

1250 24 " 20
2.000' 17 1/2" 13 3/8"

11,400' 11 " 8 5/8"
9.865' 5 1/2"

Since the exact depths of the formations or the exact reservoir to

be used for injection would not be known in advance, the program was

based on setting the long string of casing to the predicted total depth at

i - the top of the pre-Cambrian rocks with the tubing set at the top of the

Fountain formation.

j The selection of 5 I/Z-inch tubing involved equating horsepower

requirements as related to capital investment and operating costs of

surface plant facilities versus weU costs for the different casing programs.

i

-7-
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The basic specifications regarding injection rate$ and pressures versus

the pressure drop iU the tubing wore an Integral part of these considerations.

The selection of 5 1i2-inch tubing as the injection string established

the requirement for 8 5/8-inh casing when the various mechanical limita-

tionis and tolerances were considered. The use of 8 5/8-inch casing in turn

I dictated the need for drilling an 11-inch hole.

I The program requirements for the 13 3/8-inch and 20-inch casings

likewise reflected the basic requirement for 5 I/2-inch tubing when all

Imechanical factors and an allowance for flexibility of the program were

considered.

Since contamination and potential contamination of shallow potable

water bearing sands with waste effluent was one of the principal factors

l influencing the decision to drill the Arsenal well. precautions against

similar contamination in the well itself were taken. Thus, to prevent

Imigration of waste fluids from lower injection horizons into the shallow

sands through the annulus between the well bore and the casing, a program

of placing cement behind each string of casing from the casing shoe to

I the surface of the ground was adopted.

3 MUD PROGRAM

The anticipated geologic section included a long shale interval from

the surface to approximately 8, 200 feet, stratigraphically above the princi-

3pal objective disposal reservoirs. With the overall economics of the

II
I

-8-
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j disposal project as a dominating influence, a mud program was designed

that within practical limits would p..-event this shae section from swelling

Sand cavin g" duy4i the l ng period it would be exposed while drilling and

I extensively testing the lower potential injection reservoirg. The mud

program was designed also to minimize damage to potential injection zones.

EVALUATION PROGRAM

A more elaborate program of coring, drillstem testing, electric

logging, and other data accumulation was necessary in the Rocky Mountain

I Arsenal well than is normally followed in a well drilled for the sole pur-

pose of obtaining hydrocarbon production. The Arsenal well not only

required the identification of any hydrocarbon bearing beds, in order to

I avoid contamination with waste waters, but also required the gathering

I of data on all zones offering injection possibilities. All potential reservoir

rocks had to be identified and evaluated as drilling progressed since this

was a singular operation that could neither be repeated nor could informa-

I tion be substituted from other wells, because of the remoteness of previous

i drilling operations in the area.

An examination of the cuttings samples, the various electric logs,

3 the mud log record, and the drilling records were programmed to provide

1 f~ll coverage of the total interval of the well. For special evaluation of

zones of particular interest fifteen cores totalling 750 feet of section and

I fouxteen drillstem tests were scheduled.

!
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GE'OLOGY

The following discussion is confined to basic geologic considerations

regarding the regional geology, as well as the stratigraphic relationships

I and lithology of the strata which were encotntered. More detailed discus -

i uions of physical geologic data and the apptitation of these data to the

problems in selecting injection reservoirs are included in the section of

I this report entitled "Prospective Injection Reservoirs."

I REGIONAL GEOLOGY

The Rocky Mountain Arsenal Pressure Injection Disposal Well was

drilled approximately 12 miles northeast of the city of Denver, Colorado,

(Figure 2). It is situated a short distance to the east of the axis of the

Denver-Julcsburg Basin. As determined from surface geological obser-

I vations, shallow and deep well drilling, and geophysical surveys, the

I Denver-Julesburg Basin is a north-south trending "trough or asymmetrical

syncline. Strata which are exposed along the mountain front dip steeply'I
eastward. On the east flank of the basin, the strata dip gently westward

I from the plains of Nebraska and eastern Colorado. As shown on Figure 3

the disposal well lie near the structurally lowest part of the basin, and

where the greatest thickness of sedimentary rocks is known to be present.

The Front Rang. of the Rocky Mountains came into being near the

close of the Cretaceous period. As the mountains were formed, the

mountain block was elevated and thrust eastward ove." the sediments of

-10-
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the adjacent plains. The Cretaceous and older sedimentary rocks of the

basin are thus separated from the pre-Cambrian crystalline rocks of the

I mountain uplift by a fault of -ystnrn of faultt which extends from Canyon

j City. Colorado, northward to the Wyoming-Colorado state boundary and

beyond. At places, the stratigraphic displacement along this fault exceeds

m 10. 000 feet. The diagrammatic cross sections (Figures 4 and 4A) show

the structure at the mountain front and the relationship between the subsur-

face rocks at the Arsenal well and the strata which are exposed at the

m mountain front.

1 STRATIGRAPHIC GEOLOGY

As the well was being drilled, samples of drill cuttings were taken

I from the mud stream, washed, and saved at ten foot or lesser intervals.

Rock cores were also cut at selected intervals. The sample cuttings

were immediately examined with a binocular microscope and under fluore-

scunt light by the well-site geologist. Detailed lithologic descriptions of

the sample cuttings are presented in Volume III of this report. The lithology

of the cores is described with the samples, and also in Table 2 of Volume 1.

m Data fron the samples and cores, together with interpretations of

electric and drilling time logs, provide fundamental information regarding

the character and thickness of the formations penetrated in the well. The

I names and depths of the formations penetrated are shown on Table 1.

Brief descriptions of the character of these formations are given in the

following paragraphs:

TA! 'HI4A. A



1 The surface sediments at the well site are recent soils which forn

a thin cover over windblown sands and water-laid gravels and shalos of

Pleistocene A&. Bdcow th1e P1eistoceac madiments is a series of poorly

I consolidated sandstones, arkoses, and dark gray shales of early Tertiary

and latest Cretaceous Age. These materials comprising these beds were

I derived in a large part from the rocks which were eroded from the uplifted

I mountain block which lay to the west. The rock debris was zarried east-

ward by flowing streams and was deposited in lakes and lcow lands cast of

I the mountains. These sediments are called the Arapahoe Formation, and

I with the surface and Pleistocene beds comprise the upper'-ost 460 feet of

strata drilled in the well.

The Lai-amie Formation of Upper Cretaceous Age was penetrated

in the disposal well between 460 and 1, 250 feet in depth. It is composed

of interbedded fine gray sandstones and dark gray anG ;arbonaccous shales

and .ome coal beds. The Laramie Formation grades downward into the

I Fox Hills Formation which was found between 1, 25. and 1, 480 feet in

depth. The Fox Hills Formation is principally a buff, friable, porous

sandstone with some sandy shale and clay shale. The Fox Hill,, together

with the sandstones which occur in the overlying sediments arc important

sources of potable water in the vicinity of the Arsenal and the city of Denver.

Immediately below th2 sandstones which yield fresh potable water

(surface to 1. 480 feet), there is a thick series of relatively impermeable

-i-
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- shales and limey shales of Cretaceous Age. 'hese strata eftectively

segregate the shallow water-bearing a&andqto-:,es from deeper porous strata

into which waste fluids may be injected in the future. Between the depths

of 1. 480 feet and d. 485 feet in the Arsenal well, the Pierre shale (1. 480

to 7, 710 ft. ), the Niobrara shale (7, 710 to 8, 078 ft. ) and the Carlile shale,

Ithe Greenhorn limestone, and the Graneros shale (8, 078 to 8, 485 ft.)

I constitute an impervious barrier separating thr water sandstones and the

potential injectiun reservoirs.

The Pierre shale, 6, Z30 feet in thickness, is principally a black to

dark gray shale of marine origin. At a depth of 5, 448 feet in tLe Arsenal

well, the Hygiene sandy zone was eacountered. This zone at th' Arsenal

locaiion is represented by a shalcy sand of low permeability and porosity.

I The Niobrara shale ia calcareous or chalky, light gray to gray in color

and 368 feet thick. The Carlile shale is darker in color and less calcareous

than the Niobrara; the Greenhorn limestone is dense, shaley, and gray to

brom in color. the Crane ros shale is black, micaceous. and contains thin

beds nf bentonite near the base. These latter three formations are al

mar ne in origin aw' aggregate 407 feet in thickness in the Arsenal well.

They are sometimes considered as a unit and are then called the 'Benton

Formation. The Codell sandstone, which is known to be erratically

developed, was missing in the well.

1 The "J" sandstone, the principal oi producing sandstone of the

Denver Batin, wa6 the first of the objeztivesandstonesencountered which

,13-
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showed any slgnificant development. In the Arsenal well it occurs in the

interval, 8, 485 tc 8, 605 feet, immedlately underlying the Graneros shale.

The 4pper 45 feet oi this unit consists of juartzitlc sandstone showing very

i slight oil staining. The remaining part of the J" was found to be irregularly

bedded and intermixd fine grained quartzitic saidstone and dark gray

shale. Immediately below the "J" sandstone is a dark gray marine shale

I unit. 28 feet in thickness, called the Skull Creek Shale.

The Dakota and Lakota sandrtones which were penetrated between

1 8, 633 and 8. 786 feet underlie the Skull Creek shale and are the lowermost

I units of Lower Cretaceous Age. The upper sandstone (Dakota) is of fine to

medLum grain size and is hard to quartzltic. It is separated from the

I lLakota sandstone by black shales and thin sandy strata. The Lakota sand-

stone is 56 feet thicA and is a fine grained gray, quartzitic sandstone which

grades downward into a somewhat sandy cark gray bentonite shale. These

two sandstones are oil productive in the northern portion of the Denver

B. sin. but are unproductive in the vicinity of the Arsenal well.

The Morrison Formation of Jurassic Age lies below the Lakota and

U Iwas penetrated in the Arsenal well between 8, 786 and 8. 972 feet. It is

composed of black, red, and green shales, with a few beds of limestone,

hard white sandstone, and anhydrite. The Morrison does not produce oil

.1 or gas in the Denver Basin.

i The Lykins Formation is Triassic in Age. It underlies the Morrison

at depths of 8, 972 to 9, 512 feet. The predominant lithology of the Lykins

-14.
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is reddish silty shale. A 15-foot bed of fine grained quartzitic sandstone

occurs at the top of the formation, and at the base there is an 80-foot

I stction of interbedded aahydrit., dolurmite, and red silty shale.

jThe Lyons Formation uf Permian Age is 190 feet thick in the Arsenal

well. It was penetrated between 9, 582 and 9, 772 feet. The cores and

I cuttings samples showed it to consist of fine grained, well cemented to

I quartzitic, orange colored sandstone interbedded with red to maroon shale.

Some of the sandstone cores exhibited cross-bedding. Numero..s fractures

I were observed in the cores.

The Fountain Formation of Pennsylvanian Age is 2, 108 feet thick

in the Arsenal well. It was penetrated in the interval 9, 772 to 11, 880

I feet. The uppermost 110 feet of this formation consists of fine grained,

feldspathic sandstones, siltstones, and maroon shales. Below this inter-

val the sediments are primarily arkosic sandstones, grits, and pebble

conglomerates which are irregularly interbedded with shales and silty

shales, all red to reddish brown in color. The elastics are cemented

by calcareous material, by clay, or by a combination of both. Cores

taken in the Fountain Formation revealed the presenc- )f fracturing.

I Immediately below the Fountain Foi i-ation, a Ragolith or "fossil soil" zone

was penetrated from 11, 880 to 11. 895 feet. The regolith is composed

primarily of weathered maroon to dark brown shale with a brown, fractured,

quartzite bed forming the basal foot. The regolith is interpreted as being

the ancient land surface upon which the Fountain Formation was deposited.

(Figure 5)

I
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Between the base of the regolith and the top of the rocks which were

& identified as pre-Cambrian (I j, 895 to 11. 950 feat) there is a 55-foot

section of quartz conglo'e rate, purple shale and pink dolomite whose age

is not as yet definitely determined. Lithologic comparison with rocks of

similar stratigraphic position which crop out in the Colorado Springs region

indicates that the strata in juestion are Ordovician (?)or Cambrian (?)in

age. The presence of these beds in the Arsenal well represents theK ' northernmost known occurrence of Paleozoic sediments older than the pre-

Fountain regolith along the west flank of the Denver Basin.

1 The pre-Cambrian rocks penetrated in the well are of two types--

the uppermost rock which was drilled from 1,. 950 to I , 970 feet has the

characteristics of aweathered schist. (Figure 5) In the drill cuttings, it

has the appearance of a bright green shale containing an abundance of

copper-colored mica and clay minerals. Immediately below the weathered

-schist. from 11, 970 feet to 12. 045 feet which is the total depth of the well.

a crystalline rock identified as pre-Camnbrain hornblende granite gneiss

containing an intrusive pegmatite was drilled and cored. A core taken in

I the gneiss section showed vertical fracturing.

I
I
I
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I PHYSICAL OPERATIONS

CHRONOLOGICAL SYNOPSIS

When reviewed in its entirety, the drilling of the Rocky Mountain

Arsenal Pressure Injection Disposal Well wats a complex operation. In

order to facilitate an understanding of the inter-relationships of varioub

I phases of the operation that are discussed separately in other sections of

this report, a brief historical chronology highlighting important events

and developments from inception to completion of the project is set forth.

m Further clarification may be facilitated by frequent reference to two illus-

trations. The first is the frontispiece, which is a schematic drawing of

the well. The second is a graphical representation of the drilling history,

I included as Figure 6. Another suggested reference is the detailed record

of each day's operations included as a complete chronological log in

Volume IL

IOperations Prior to Drilling

E. A. Polumbus, Jr., and Associates, Inc., was first retained by

the U. S. Army Corps of Engineers, Omaha District, in December, 1959,

to prepare a preliminary design analysis for a deep well waste disposal

project for the Rocky Mountain Arsenal to be used as a feasibility study.

The preliminary design report, released January 6, 1960, included both

the injection well and treatment plant facilities. Subsequent to receipt of

1 this preliminary report, the overall project was divided into two parts for

purposes of final design. The treatment plant final design was assigned
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to A. J. Ryan and Associates of Denver, Colorado. The final design of

the pressure injection well was assignod to E. A. Polumbus, Jr., and

I Associates. Inc..January 25. 1960, under contract No. DA-25-066-eng-

6033. This contract provided not only for the final design of the inJoction

well, but also included a provision requiring E. A. Polurnbut, Jr., and

I Aeusociato, Inc., to supervise the d'illng of the well, render the necessary

engineering and geological services during the construction phrse, ;u.d

manage the project.

Concurrent with tho preparation of the -iinAl design, veport, E, A.

IPolumbus, Jr., and Associates, Inc.. al-e'o prepared detailed drilling

specifications and driUing contract dotals which became a part of the

uInvitation For Bids (Constrtdiou Cot-act) issued to drilliag contractors.

" iAdditionally, the casing design requirements were prepared in advance for

t~e Invitation Bid end Awas,- (Supply Contract) forms issued by 'he Corps

oIf ngineers to supplier. of tubular goods, The "'Final Design Analysis"

3 Ireport was submitted to the Corps of Engineers on July 5, 1960.

On November 17. 1960, the first bid invitation was extended to

drilling contractors and was based upon a footage type contract to 6, 576

1feet foUowed by day-work to total depth. Bids received in response to this

invitation were unsatisfactory, and the Polumbus firm was called upon to

arrive at a basis that would encourage more acceptable bidding. A second

I Invitation For Bids was issued on December 28, 1960, based on a day-work

1 type contract.
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* JThe first issuance of Invitation Bid and Award (Supply Contract)

for tubular goods occurred on November 10, 1960. This bid was subs@-

r quentily cancelled and a new bid invitation for furnishing tubular goods was

1 j issued December 7, 1960. The opening date of the final bids for the drilling

: ~ contract was January 26, 1961. The drilling contract warn awarded to

Loffland Brothers Company, Contract No. DA-67Z4, and the required spud

date for commencement of drilling operations on the Rocky Mountain Arsenal

Pressure Injection Disposal Well was March 15. 1961.

Representatives of the Polumbus firm attended all Bid-opening

I sessions for the purpose of assisting the Corps of Engineers in the analysis

and evaluation of bids submitted.

On February 13. 1961, Loffland Brothers Company received notice

to proceed. This immediately launched a series of operations, including

preparation of surface location. roads, and mud pits, laying water line

and moving in tho drilling equipment. The location, officially surveyed

3 on March 4, was previously selected by the Rocky Mountain Arsenal per-

sonne northe,- Pond F at a sufficient distance to provide room for

the treatment plant facilities between the pond and the wall site.

'"Rigging up" operations which commenced March I proceeded under

I adverse weather conditions and delayed the spudding of the well until

3:45 a.m. March 10. 1961.

I Preparatory to spudding and throughout the course of the operations,

I E. A. Polumbus, Jr., and Associates, Inc., handled the customary notices

S-19-
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Sof intention to drill, permits, and reports to the state ut Colorado ragulatory

bodies dealing with the drilling of wells.T
z DriUllng

I Surface to Intermediate Casing Point 2(, 00 feet)

A 12 l/2-isch hole was drilled to iS9 feet and reamed to a 24-inch

I diameter. The 20-Inch surface casing was cemented at 135 feet. Sufficient

cement was employed to provide a cement sheadi from the bottom of the

casing to the surface.

I A 12 1/2-inch hole wa then drilled to a depth of 2, 030 feet. An

5 Induction-Electric Log and Microlog were run in the open hole interval.

The hole was then reamed to 17 1/2 inches. On March 18 the 13 3/8-inch

S&casing wa" cemented at 2. 020 feet. Sufficient cement wan used to completely

5 fill the annular space between the casing and the formation from the casing

shoe to the surface.

1 This upper portion of the hole was drilled with a gel chemical

type mud.

Intermediate Casing Point to "J" Sandstone (8, 485 feet)

After converting the mud system to Driscose Condet mud, drilling

3 proceeded with an 11-inch hole being cut. At this time, the Baroid mud

logging unit was placed in operation.

In the drilling from 2, 020 feet to the top of the "J" sandstone at

S8. 485 feet, 11.9 net drilling days were consumed (Figure 6) which

I
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represents an average penetration rate of 543 feet per net drilling day,

This was done in the March 23 to April 7 period.

While drilling at 6, 000 foot, a twist-off occurred in the 4 1/Z-inch

j Idrill pipe immediately above the drill collar assembly. The fish was

recovered in 10 1/2 hours and drilling was reaumned, Adju~trnents in

rotary speed and other techniques were made to avoid a re-occurrence.

1 This was the only fishing job for drill pipe during the entire course of the

drilling ope ration.

The Baroid mud logging unit recorded a nutnber of gas "kicks" in

the Niobrara formation which are typical throuahout the Denver-Julaeburg

Basin. 1J" Sandstone to Top of Lyons For ation (9 582 foot)

I The drilling of an I l-inch hole continued through the 1, 097-foot

interval from the top of the "J" sandstone to the top of the Lyons formation.

This was penetrated in the April 8 to May 3 period. The drilling and coring

consumed 19. 4 net drilling days, equivalent to an average penetration of

57 feet por day. (Figure 6)

Five cores, two in the "J" sandstone and three in the Dakota sand-

stone were cut in this interval. Slight oil staining was noted in the upper

portion of the '" sandstone.

Two drill stem tests in this interval recovered only small amountw

I of slightly gas cut mud. These tests covered the cored portion of the "J"

r sandstone and from near the top of the Dakota sandstone into the Morrison

formation.
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j Of interest is the fact that the actual rig time from spudding the

well to reaching the top of the Lyons formation at 9, 582 fact xclusive of

shut-down time for mechanical repairs to the rig, was within one day of

the time forecast in the design.

Top of Lyons Formati'n to Bottom of 11" Hole _(1iZ25 feet)

In the period from May 3 to July 21. the 11 -inch hole was drilled

m and cored from the top of the Lyons formation to 11, Z25 fcet in the Fountain

formation, the top of which was encountered at 9, 772 feet. Hole difficulties

in the nature of key seating and lost circulation made advisable the setting

I of the 8 5/8-inch casing at 11, 171 feet.

The drilling and coring of this 1, 643-foot interval consumed 47. 3

net drilling days. This is an average penetration of 35 feet per day.

Both the Lyons and Fountain formations were found to be exceptionally

hard. which coupled with the presence of fracturing presented complex

problems in drilling and coring.

In this interval, fourteen instances of lost circulation were noted.

3 The mud losses per instance ranged from minor amounts to 1. 350 barrels.

Since it was believed that the mud losses occurred in fractured zones.

I an oilield technique for "healing" lost circulation zone in fractured

formations was successfully adopted. This involved discontinuing drilling

and mud circulation, spotting a batch or "pill' of lost circulation material

I at the bottom of the hole, and allowing the well to set or "cure" for an

8 to 12-hour period.
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Sixteen cores were cut in this inwrval of the Lyons axtd Fountain

formations. In addition to lost ,lation problems the combination of

- hardness of the rocks and f rac L g caused jamming or wedging in the

core barrel, which generally preclu-. :d the cutting of fuU-length 50-foot

cores,

L: The combination of the various problems w., such that a modifica-

tion in the coring and testing program was instituted. Short cores at

periodic interval& were accepted for geological examination and for

h ideterminations of physical properties. Instead of testing only t ( "-red

I intervals, the drill stem testing program was altered to attempt complete

coverage of the section.

Due to a known tendency for the Lyons formation sandstones to

I produce fine sand into a wellbore during tests and the presence of fractures.

I with the consequent risk of sticking the test tool, no drill stem tests were

attempted in the Lyons formation. One test with the Schlumberger

I Formation Interval Tester was unsuccessful due to the pliggiag of the

tool with lost circulation material in the mud.

In the interval from the top of the Fountain formation to 11, 225

1 feet, eight drill stem tests were run. At a driller's depth of 9, 729 feet,

I an Induction-Electric log, a Sonic log, and a Microlog were run.

Setting of 8 5/8-inch Casing at 11, 171 FeetI In drilling at 11, 178 feet anei below. tight hole and bridges in the

j hole were encountered in addition to the previous difficulties with lost
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Ij circulation and the extremely hard fractured rock. The tight hole and

bridging problem became particularly noticeable when the hole reached

a depth of 11. 225 feet.

The deflection of the hole to a maximum of 3 1/4 degrees within

6- the 6, 700-foot to 8, 000-foot interval was not severe or exceptional.

However, during the long period of time the hole was exposed to frequent

trips with the drill string, a groove or "keyseat' was worn into one side

of the hole. The usual techniques were followed in reaming out the keyseat

and included the placement of a reamer and keyseat wiper in the drill

string.
.'i' The increased hazard represented by the presence of a keyseat

coupled with the previously mentioned considerations led to a decision to

act the 8 5/8-inch casing when the depth of II. 225 feet was reached rather

than at 11, 400 feet as originally scheduled. _

An Induction-Electric log and Sonic log were run at the 11. 225

+ Ifoot depth. Due to the hazardous condition of the hole, other logging was

I not attempted.

The 8 5/8-inch casing was run and set at 11, 171 feat. Cementation

I of the complete annulus from the casing shoe to the surface was accomplished

by a three-stage cement operation.

11, 225 Feet to Total Depth (12, 045 Feet)

I A 6 3/4-inch hole w~s drilled below the li-inch hole at 11, 225 feet.

I This driUing commenced on August 13 and the total depth of the hole,

12. 045 feet, was reached on September 10, 1961.I
-24-
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Fifteen net drilling day3 were consumed in drilling and coring

L this 820-foot interval. This represents an average penetration rate of

55 feet per day.

I Eight cores were taken in this interval. The lowermost core

confirmed that the well had reached fractured Pre-Carnbrian granite.

Three dill stem testi were also run.

At a depth of 11,985 feet, an Induction-Electric log, Sonic log,

Microcaliper log and Temperature log were run.

Two occurrences of lost circulation were experienced in drilling

this final section. Both occurred below the top of the Pre-Cambrian

ro.'ks at 11,950 feet. From this it was interpreted that there were fractu,es

in the Pre-Cambrian granite and a preliminary injection test into the open

I hole section below the 8 5/8-inch casing was attempted. This was not

i successful, primarily due to bridging over of the hole at numerous points.

Following the injection test attempt, an additional 60 feet of hole

were drilled and cored to tLe total depth of the well at 12, 045 feet. 4

A 5 l/Z-inch liner was cemented at 11, 975 feet. The top of the

liner extends into the 8 5/8-inch casing to a depth of 11, 007 feet.

I Completion Activities

After cementing the 5 I/Z-.ich liner on September 16 the hole was

cleaned out to total depth, and an injection into the interval 11, 975-12,045

1feet was made with the rig pumps using potable city of Denver water.

T
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E I Additionally, a radioactivity log was run. The 4 lI/Z-inch drill pipe string

was used in conjunction with airliiing equipment in the attempt to obtain a

representative sample of formation fluid and reservoir pressure data.

~iI After recovering approximately 2, 400 barrels of fluid the production rate

dropped below the economic limit for air lift operations, and it was decided

to install conventional pumping equipment. Formation fluid samples are

important from the standpoint of compatability studies with respect to the

I! fluid to be injected into the reservoir.

After the drilling rig moved off the location, a pulling unit was moved

in and 2 7/8-inch tubing, pump and rods were installed. Pumping operations

were conducted from October 10 to November 27. During this period

approximately 2, 900 barrels of fluid were produced from the well.

From the air lift and pumping operations, an approximate total of

nI 5, 300 barrels of fluid were produced. Although the plots of laboratory

analyses did not show the assymptotic condition indicative of uncontam-.=*ted _

formation fluid, the production rates had declined below practical limits

and the pumping operationawas terminated.

The pump, rods and Z 7/8-inch tubing were removed and the

completion wellhead assembly was installed on November 30, 1961. The

casing and hole details of the completed well are shown in Figure 7. The

final wellhead assembly is detailed in Figure 8.
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PHYSICAL OPXATINS COIT)

EQUIPMENT

Drilinx Rix

Lofflana Brothers Company R:ig No. 7, an Ideco PR-1050 14. 000

i foot rig was utilized in the drilling of the Rocky Mountain Arsenal Pressure

Injection Disposal Well. Delicriptive details of this drilling rig are pre-

1 sented in Table 3.

I Major items of equipment are the rig power, pumps, drill string.

and derrick. Three diesel engines provided 1, 350 horsepower and a D-700

I and a D-500 mud pump capable of delivering pressures of 2, 727 psi and

2, 350 psi with 5 I/2-inch and 5-inch liners respectively were used. The

drill string assembly consisted of 4 1/2-inch Grade E drill pipe with 21

I seven-inch and 14 eight-inch drill collars. The derrick was a. 142-foot

I cantilever type mast rated at 900, 0-0 pounds capacity. - .7 is of interest

that the permissible height of the derrick was regulated by the Civil

Aeronautics Authority due to the proximity of the location to Denver's

I Stapleton Airfield. The regulations also required a flashing red identification

beacon on the top of the mast.

Location Facilities

Field office facilities were provided by E. A. R:lumbus, Jr.. and

Associates, Inc. A prefabricated building was inst.lled as aa office for

the representative of the Corps of Engineers and the Chemical Corps.

'27-
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This building was also used as a display area for well progress charts and

core and ditch sample displays. It was equipped with telephone services

through the Rocky Mountaln Arsenal exchange. A mobile trailerhouse wask
used by E. A. Polumbus, Jr., and Associates, Inc.. field supervisory

and technical personnel as an engineering field office and a field laboratory

for examination of samples by the geologists. It was also used for staff

conferences held with the drilling contractor and service representatives

as occasion demanded. In order to assure outside communication at all

I m times, two telephones were installed. One was through the Arsenal exchange

and the other was tied directly into the Denver telephone exchange.

Another prefabricated building was installed on location for dry

storage of cores after they had been examined and boxed.

Loffland Brothers Company provided a house trailer for their

toolputsher's use. A Baroid mud logging unit contained in a special trailer

- was located near the rig shale shaker for ready access to mud stream and

shale shaker samples. For operating convenience a voice communication

system from the unit to the rig floor was provided. Water for the drilling

rig and other location requirements was obtained from the Rocky Mountain

7 1 Arsenal system.
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PHYSICAL OPERATIONS (CON'T)

PENETRATION

The drilling analysis chart prepared for the Rocky Mountain Arsenal

Pressure Injection Disposal Well (Figure 6 ) provides an accurate, un-

abridged record of the penetration performance and shows the interrelation-

jships of drilling factors influencing penetration.

The principal factors influencing penetration rate include the follow-

ing:
1. Lithology.

Z. Hole size.

i3. Drilling technique: weight on bit and rotation speed
of bit.

4. Mud properties: weight, viscosity, filtrate loss,
solids content.

5. Type of drilling bit.

6. Hydraulics: mud circulation rate, pump pressure and
sizes of drill pipe, drill collars, bit nozzle sizes, etc.

7. Hole deviation limitations. .....

The foregoing factors associated with the drilling of the Arsenal

well are depicted graphically and numerically on the drilling chart. The

actual penetration performance is recorded by the three curves relating

- depth on the vertical scale and days from spud on the horizontal scale.

The penetration curve on the left, designated "rotating progress"

is composed entirely of cumulative rotating on bottom time and therefore

is the prime curve used in relating the various drilling factors to pene-

tration.

I
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The curve on the right designated "overall drilling progress"

records the depth of the well at any specific lapse of time from spud.

Explanatory notes and symbols placed on this curve give the important

I and significant events related to the drilliag history.

The middle curve denoted as "net drilling progress curve" is cor-

posed of the rotating progress time, plus trip time to change bits, service

3 Ithe rig, drift surveys, and normal mud mixing. It is a pure drilling opera-

tions curve uninfluenced by time consumed in dealing with lost circulation,

3 drill stem tests, electric logging surveys, fishing operations, running

3 land cementing casing, etc. This curve is used principally in studying

relative penetration performance.

l UTable 4 is an analysis of the drilling and coring performance in the

Arsenal well prepared from the net drilling progress curve of Figure 6.

I, The following sections discuss individually those intervals in the well

which exhibited distinct drilling characteristics.

i
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Surface to "J" Sandstone (Surface - 8, 485 feet)

Thv net drilling progress rate from the surface to the top of the

!7 1J" sandstone at 8. 485 feet averaged 606 feet per day, Considering the fact

5 that a large hole was drilled ( IZ 1/4-inch to intermediate casing point at

2, 030 feet and thereaiter I I -inch hole), the greater depth at which the "J"

Usandstone was encountered compared with molt wells in the Deaver Basln

and the use of mud instead of water in the upper part of the hole, this pent-

I tration rate represents aun excellent performance.

During penetration of the section to the top of the "J" sandstone,

SI drilling weights were progressively increased from 35, 000 to 60. 000

pounds while rotation speeds were adjusted downward from 200 rpm to

75 rpm as increased depth was attained and drilling weight added. Average

I hole deflection was less than 1 1/2 degrees with the exception of the inter-

val 6, 800 to 7, 900 feet where deviation reached a maximum of 3 1/4

..----- degrees.

Rock bits used in penetrating this section were principally OSC-3

type and averaged 530 feet per bit.

I The overall drilling progress curve (Figure 6) shows that the top

l of the "J" sandstone was reached 29 days after spudding the well. Refer.

ence to the operational notes on this curve explains the spread of 15 days

I between the net and overall drilling progress curves as attributableto

time devoted to hole enlargement ope rations for surface and intermediate
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I +casings, runuing, cementing and WOC time for these casing string*, rig

; I repairs and one brief fishing operation due to a drill pip@ twist-off.

"3" Sandetone to the Top of the Lyons (8. 485'-9, 582')

The abrupt reduction in net drilling progress rate to 89 feet per day

between the "IJ" sandstone and the top of the Lyons formation at 9, 58Z feet

is characteristic of the Denver basin and denotes increasing hardness and

&and content in th6 section.

3In drilling this portion of the I I -inch hole, weights of 60, 000 to

80,000 pounds and rotation speeds of 55 to 60 rpm were employed. The

mxAximum hole deviation approximated 1 1/2 degrees. Bit types ranging

I from OSC-IG to W-7R were used. The drilled footage averaged 46 feet

per bit, indicative of the increased hardness of this section. Mud prop.

e*rties were maintained in the range of 9.2 to 9,8 pounds per gallon weight,

52 to 78 seconds viscosity, and water loss, S. 5 to 8. 7 cc.

The overall ime from spud required to reach the top of the LyonsI
formation at 9, 58Z feet was 54 1/2 days. At this depth the spread between

i net and overall drilling progress curves was approximately 21 days corn-

pared with 16 days spread at the top of the "3" sandstone. This increase

divergence between Lhe two curves was the result of two drill stem tests,

I hole conditioning, circulating samples, rig repairs, and fishing operations

for rock bit cones.

I
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Top of the Lyons to the Top of the Fountain (9, 582'.9, 772 )

The 190 feat of Lyons formation (9, 582 to 9, 772 feet) consisting

principally of extremely hard quartzitic sandstone proved to be much

harder in character and more difficult to penetrate than drilling histories

indicated for any other wells reaching this formation in the Denver Basin.

All other wells which have reached and penetrated the Lyons formation in

Li varying amounts have been located in considerably shallower portions of

the Denver Basin than the Arsenal well, the well being situated in approxi-

I mately the deepest position in the synclinal trough.

One-half of the Lyons formation was cored in the Arsenal well, and

the remaining half was drilled; the net drilling penetration rate averaged

I Z8 feet per day. All hard type rock drilling bits, principally W-7R, were

used for which the drilled footage averaged 15 feet per bit.

I Drilling weights of about 42, 000 pounds and rotation speeds of 55

to 65 rpm proved adaptable to the Lyons drilling. Mud weights averaged

I 9. 8 pounds per gallon, viscosity 56 seconds, and water loss 7. 8 cc. Hole

deviation was less than one degree for this interval.

The divergence between net and overall rotating progress curves

! I increased 5 days (21 ,/2 to 26 1/2) while penetrating the Lyons section.

As indicated on the overall progress curve, the drilling histcry of this

I ~ormation was characterized by numerous lost circulation intervals asso-

ciated with fractures in the hard quartzitic sand, requiring considerable

time devoted to mixing mud and applying various techniques to heal the lost

circulation zones.
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Top of the Fountain to the Top of the Regolith (1, 772'- 11, 880')

I The Z, 108 feet of Fountain section (9, 77Z to 11, 880 feet) consisting

of sandstone, shale, siltstone and arkose was cored (408 feet) and drilled

LI (1,7 00 feet). Reference to the net drilling progress curve shows that this

1section was penetrated much more rapidly than the overlying Lyons for-

mation. The 68 feet per day net drilling rate versus Z8 feet per day

I represents an increase of 2. 4 times in the Fountain formation.

3Drilling weights of 60, 000 to 65, 000 pounds and rotation speeds of

50 to 65 rpm were utilized in drilling the I1-inch hole to 11 , 5 feet. In

the 6 3/4-inch hole below this depth, drilling weights of ZO, 000 pounds and

I rotation speeds of 40 to 50 rpm were adopted. Hole deviation was "permitted

to progressively increase iro about one degree at 10, 000 feet to a maxi.

mum of 7 degrees at 11,600 feet.

:While penetrating the Fountain, mud weight varied from 8. 7 to

9.7 pounds per gallon, viscosity 40 to 117 seconds, and water loss 5. 7

to9.8 cc.

I Drilling bit types included W-7 and W-7R rock bits and RG-ZBJ

insert bits. The average footage for the rock bits was 39 feet per bit or

Z. 6 times the footage obtained in the Lyons drilling. The RG-ZBJ insert

I bits averaged 51 feet per bit in the Fountain formation.

The overall drilling progress curve indicates that approximately

100 days were utilized in the various operations required to achieve

! penetration of the Fountain section. The spread between net and overall

I
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drilling progress curvee was increased by 55 1/2 days while penetrating

the Fountain formation.

£ / $.ctual time dilling ane coring (including reaming the core hoWe in

the Founiain iutilized Z4, 8 and 19. 4 days, respectively. The remalnifng

55. 8 days were devoted to the following principal operations as denoted on

1 the overall curve: mixing ;-nud and healing loat circulation in the several

fractured sections; running electric logs; drill stem testing; running and

cementing 8 5/8-inch casing; WOC; repairing rig; fishing for rock bit cones,

I and reaming out keyseat within the interval 6, 800 to 7, 800 feet.

I1 Top of the Regolith to Total Depth ( 11, 880'. 12, 045')

The 165-foot interval from the top of the Regolith to total depth

(11, 880 to 12, 045 feet) consisting of shale, quartzite, cnnglomerate, dolo-

I mite, and pre-Cambrian granite gneiss was penetrated in three net drilling

days. The drilled portion (143 feet) averaged 71.5 feet per day, and the

6 3/4-inch RG-IJ inserL type bits obtained 49 feet per bit. Drilling weights

* of 20, 000 pounds and 40 to 50 rpm were employed. Mud properties were

9. 0 pounds per gallon weight, 43 seconds viscosity, and water loss 5. 8

CC.

I The overall drilling progress time devoted to this interval was 10

days which completed the operations to total depth of 12, 045 feet, in

Ielapsed time to 185 days from spud. This last period included, i, addition

to drilling and coring, time for running electric logs, drill stem testing,

mixing mud and healing lost circulation in the fractured granite interval.

I
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Hydraulics I -ogram

A je it program was not utilized in connection with the rock bit

Idrilling du- , the high mud circulation rates and pump pressures that

would be juired in the I l-inch hole below 4, 000 foot depth. High pene-

tration ra )s obtainable with a conventional rock bit progranm from surface

I to 4, 000 feet did not warrant jet bits in this portion of the hole. Influencing

factors were the extra time required to change pump liners and the additional

cost of jet bits.

I ,Coring Penetration

I Reference to the drilling and coring statistics presented in Table 4

shows the following analysis of coring penetration characteristics in the

I Arsenal well.

The five 8 7/8-inch diamond cores in the "J" sandstone to the

Lyons interval averaged 22. 8 feet cut per core for an average penetration

rate ci 14. 3 feet per day including coring time plus time to ream core

I hole to full gauge l1-inch hole. 'ithin the same section, drilling penetra-

tion time was 6. 2 times faster.

Within the Lyons to the Fountain section, eight 8 7/8-inch cores

I averaged 12.0 feet cut per core at the average rate of 7.8 feet per day

coring and reaming core hole. Drilling was 3. 6 times faster than coring

the Lyons formation.

I
I
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I There were thirteen 7 13/16-inch and 6 11/16-inch cores cut in

j !the Fountain formation for an average length of 31.4 feet, and an average

of 21.0 feet per day coring and reaming time, Drilling proved to be 3. 3

tir.ea faster than coring.

zj The two cores cut in the interval from the top of the Regolith to

total depth averaged 11 feet in length at the average rate of Z2. 0 feet per

day coting only.

l The following graph shows the relationship existing between average

feel . cut per core and feet per day cored and reamed in the Arsenal well.I

I
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i The fractured intervals cored in the Lyons and Fountain sections

caused wedging in the core barrel and limited the length of many cores cut

in these formations. Also, lost circulation and the presence of extremely

hard quartzitic pieces rolling under the diamond coring head caused

-I :grooving" of the head which limited the length of some cores.

It is indicated from the above graphical relationship that had it

* been possible to cut average length 50-foot cores, the coring and reaming

rate should have approximated 33 feet per day. Based on this figure, the

coring and reaming time for 639 feet cut would approximate 20 days rather

I than the 40.5 days actually required.

IConsideration was given in designing the coring program to using

11-inch diamond coring heads to avoid the time and expense of opening up

Ia smaller sized core hole. Equating the cost of the larger diamond coring

heads, the relative penetration rates and footage, reaming time, and the

added problem of stabilizing the coring assembly in the 11 -inch hole, the

full hole 11 -inch coring program could not be justified.

I
I
I
I
I
I
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PHYSICAL OPERATIONS_(CONIT)

HOLE DEVIATION

With the exception of one reading at 370 feet. the hole deviations

I in the Arsenal well from the vertical stayed within the design limits.

Table 5 is a surmary of the deviation survey readings taken during the

drilling of the well. The maximum deviation of 7 degrees was encountered

Iat 11, 600 feet.

-I KEYSEATING

As the well approached the depth of 11, 225 feet, a tight hole condition

I developed in the 7. 000 foot to 7, 800 foot interval. Analysis of this interval

with respect to hole deviation indicated a strong possibility that a keyseat

had developed.

I As shown in Table 5 there is a bend or "dogleg" in the hole

I between 6, 700 feet and 8. 100 feet from one degree at the top and bottom

of the interval to a maximum of 3 1/4 degrees near the middle of the

interval. This is portrayed graphically in Figure 6.

IThis nature of bend and more especially the rate of change in

deviation is within the acceptable limits established in the drilling industry.

However, in this case, the prolonged exposure of the dogleg to the abrading

Iaction of the drill pipe resulted in a groove being worn in the side of the

hole somewhere in the interval of the dogleg. The keyseat trouble was

I
I
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I

110 days after the keyseat interval was drilled.

The usual remedial procedure of running a keyseat wiper and

string reamers was adopted. However, the severity of the keyseat problem

t eoftcoupled with the acute lost circulation, and a desire to protect the possible

injection reservoirs penetrated above the 11I, 225 foot depth led to a

decision to alter the basic program and set the 8 5/8-inch casing at

approximately 11, 200 feet rather than 11, 400 feet. This decision was

reached in a joint meeting of representatives of the United States Army

I Corps of Engineers. the United States Army Chemical Corps, E. A.

Polumbu"s, Jr., and Associates. Inc., and Loffland Brothers Company

representatives.

: I
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PHYSICAL OPERATIONS (CON'T)

K1  DRILLING FLUID

The drilling mud program employed on the Rocky Mountain Arsenal

Pressure Injection Disposal Well was based on the following considerations:

1. The anticipated Pierre shale section from 1, 500 feet
to 7. 800 feet required the use of a drilling fluid which
would provide maximum hole protection and minimum
shale swelling over the long period that this section
would be exposed.

2. The drilling fluid must provide protection to any
potential injection reservoir interval.

I 3. The drilling fluid must be fairly simple to maintain
and provide suitable temperature stability.

I 4. The drilling fluid should provide for maximum

penetration rate and bit performance and still
furnish suitable rheological properties.

In order to select a drilling fluid which would satisfy all these

I requirements, conferences were held with Baroid personnel, and the

I following mud program was established as offering the best compromise

for all the properties desired.

A summary of the mud properties during the drilling operations

is included in Table 6 and the following table summarizes the drilling1q
mud program employed on the Arsenal well. W

Water

Depth Weight Viscosity Loss Type Mud
0 feet 2,000 feet 9.0 54 T Gel-chemical

2, 000 feet 7. 450 feet 9.5 35 7. 5 Low solids driscose-condet

7, 450 feet 9. 500 feet 10.0 60- 80 5-7 Gyp Q-Broxinemulsion
9. 500 feet - 11,225 feet 9.5 60-100 5-7 Gyp Q-Broxin

11, 225 feet - Total Depth 8.5-9.0 35- 45 5-7 Low solids driscose

~-41-
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:1 Constant supervision of the mud program was maintained by Baroid

Imud logging personnel and E. A. Polumbus, Jr., and Associates, Inc.

engineers on a 24-hour per day basis.

0-2, 000 Feet

The drilling fluid used in this interval consisted of a bentonite

carboxy methyl-cellulose mud with caustic and tannex used as a dipers-

I ing agent. The average properties of this system were: weight, 9.0 /gal.,

funnel viscosity, 54 seconds; centipoise viscosity, 26; water loss, 4.4 ccs.;

pH, 10.5; chlorides, 300 ppm. This fluid was used until 13 3/8-inch casing

I was set.

Z, 000 Feet to 7, 450 Feet

Below the intermediate casing string, the drilling mud was convert-

ed to a low solids carboxy methyl cellulose mud with condet, a surfactant

type material, added to accelerate settling of the drill cuttings and add

lubricity to the drilling fluid. Characteristic properties of this type fluid

were as follows: weight, 9.4 to 9. 5 #/gal.; funnel viscosity, 31 to 38

I seconds; plastic viscosity, 4 to 10 centipoises; yield point 0 to 2 grams/100

centimeters . Due to the very low rheological properties exhibited by this

type fluid, the suspending properties were relatively low and some fill-up

I 'after trips was expected, and did occur. Past experience with this type

drilling fluid indicated that some sacrifice in trip time due to the necessity

of cleaning out to bottom must be made in order to achieve the bewfits of

3 increased penetration rates and bit footages which may be obtained with this

type mud system.
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7,450 Feet to 11, ZZ5 Feet

i 1 Pas.t exp rlence Lu the Denver-Julesburg Basin indicated that the

Niobrara Formation, which contained some anhydrite but was primarily a

shale section, was quite susceptible to the swelling of the formation clays

SI when in contast with fresh water. The drilling fluid was therefore convert-

ed to a Gyp-Q-Broxin mud at a depth of 7, 450 feet in order to adequately

condition the hole prior to drilling the Niobrara. Additionally, 25,000 to

30, 000 parts per million sodium chloride were added to the mud at this

time in order to condition the mud filtrate to more nearly approximate

formation water and thereby help reduce filtrate damage to the formation.

In order to offset the increase in weight from the salt addition, 5 to 10

i percent diesel oil was also added to the mud at this time.

1 The average properties of the mud before and after conversion to

the gyp-base mud were as follows:

Before Conversion After Conversion
CMC Mud

Mud Properties Low Solids Condet Gyp Q-Broxln

I Weight #/&ai. 9.3 - 9.5 9.5 - 10.0
Viscosity seconds 30.0 - 0.35 60 - 90
Viscosity centipoises 18 36
Initial gel grams 0 3
lo 1 gel grams 0 25

iAPI Filtrate m I 7. o 4 - 7

Filter cake thickne as inches 1/32 2/32
Plastic Viscosity centipoises 5 - 10 20

i Yield Point gn./100 cm 2  0 - z 12
pH 8 -9 8 - 9
Salt ppm 850 20,000

I Calcium ppm 1, zoo

I
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The properties listed for the gyp-base mud were fairly constant to

Ia depth of approximizly 9, 596 feet at which time lost circulation occurred.

Additions of salt to the nud were discontinued after the lost circulation was

experienced in order to avoid corresponding weight increases. The mud

weight was reduced and maintained between 9.1 #/gal. and 9.5 #/gal. until

pipe was positioned at 11,171 feet.

Lost circulation material concentration was maintained between i0

percent and 30 percent during the periods of lost returns.

9 IThe Gyp-Q-Broxin mud was used to a total depth of 11, 225 feet at

which time casing was run and further drilling was conducted in a 6 3/4-

1 .inch hole.

11, Z25 Feet to Total Depth

In order to provide the least expensive mud system and still afford

adequate hole protection for drilling ir. the 6 3/4-inch hole, the drilling

fluid was converted to a low solids fresh water driscose mud with the fol-

lowing properties; weight, 8. 5 to 9. 0 #/gal.; funnel viscosity 35 to 45

seconds, plastic viscosity, 15 centipoisei; yield, 7. Approximately 1, 000

g barrels of this mud were lost during the course of drilling from 11,. 25

feet to 12,045 feet.

Lost Circulation

The lost circulation experienced during the course of drilling the

Arsenal well is indicated on the overall drilling progress curve in Figure 6.I
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Details of quantities lost and depth of occurrence are presented in the

j !following tabulation:

Well Depth Bartls Lost Well Depth Barrels Lost

9,596 150 10,055 ISO
9,607 20 10.061 SooI 9,675 536 10, 110 717
9,705 10 10, 120 450
9,750 97 10, 153 653
9,777 150 10,210 70
9,810 800 10, Z50 114
9.960 40 10,563 600

3 9,96Z 60 10,573 530
9,968 100 10,610 730

10,013 15 11,080 1350
10,047 200 11,985 1030

rotal 909?

The depths represent the position of the bit at the time lost circu-

lation occurred and do not necessarily indicate the point at which fluid

I was lost.

Ixpvrimente conducted as soon as lost circulation became an ap-

parent problem showed that spotting "pills" of lost circulation material

I on bottom when new fractures were exposed by the drill or core bit, and

I allowing this to set for a maximum period of 12 houro, generally remedied

complete lose of circulation at that particular depth. In the case of partial

loss of circulation, a maximum rate of mud lose was calculated above which

I the aforementioned cure was the most economical solution.

Other considerations connected with the drilling operation limited

the use of other techniques in combattiLg lost circulation. For example,

I
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ey.ste necsayfrpugn fractures could result in plugging the per-

I material (25 to 30 percent maximumn by volume) before prohibitive pros.

I soure drope through the core barrel or possible plugging of the core barrel

occurs.
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PHYSICAL OPERA7IONS (CON'r)

CORING

Sumnznary

I In the Rocky Mountain Arsenal Pressure Injection Disposal Well a

I total of 639 feet of section was cored with a recovery of 575 feet, repre-

senting 90 percent. A sununary of the depths and recoveries for the

I Z8 cores is presented in Table 7

I The program design anticipated cutting 50 foct or longer cores on

each coring run. .1owever, due to extensive fracturing encountered, it

was possible only in five cases to cut an interval of 40 feet or greater.

The minimum cut only two feet.

.Equipment

The special equipment used in the coring operation is summarized

I in Table 8 . For the major portion of the c¢ring, the mechanical assembly

consisted of a diamond corchead, a 50-foot core barrel, a set of safety

jars, drill collars and the drill pire. A 30-foot kelly extension was utilized

after core No. 3 in order to eliminate drill pipe connections during the

cutting of a core. This eliminated the possibility of junk falling under the

diamond corc head during the operation of making the connection.

On one coring run, No. 22, the core barrel was leng ,aened to

accomunodate a 75-foot core. On this run a total of 64 feet was cut.

I
I
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Cores Nos. 25 and Z6 we-e cut with a Bowen junk ba;.;et. This tool.

pictured in Figure 9. 'a primarily a fishing tool for recovery of junk. Since

it utilizes a coring principaL. there is an occasional recovery oi the iorma-

tion rock. In such cases in the Arsenal well the recovery has been considered

as a core run,

Runs Noe. I through 21 cut 4 3/8-inch diameter cores. In the lower

I portion of the hole, after setting the 8 5/8-inch casing, 3 1/2-inch diameter

regular cores were cut. The cores recovered from the junk basket runs

were 4 13/16-inch diameter.

Problems

The decision to core a rathole and ream the cored rathole before

drilling ahead was primarily influenced by economic considerations. &

Ifull size corehead for the 11-inch hole would have cost approximately 75

j Ipercent more than an 8 1/2-inch corehead. and the expected life would

be the samne or less than that of the smaller head. Furthermore, the overall

I penetration rate including the time required to ream the rathole would be

I the same for the 8 1/2-inch or 11-inch coreheads. Additional anticipated

difficulties in stabilizing the I I-inch corehead with the drill collars and

I the resultant undue wear also influenced the decision to rathole core.

The extreme hardness of the rock in the "J" sandstone, Dakota

sandstone, Lyons formation and Fountain formation resulted in abnormal

I
I
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I wear a&PI breakage of the Leeth or knobs of the driling bits, Since dtarvond

coreheads are particularly suacuptible to danagc from loose metal n the

hole, precautionary measures to remove the jtmk from the bottom of the

hole were uecessary, To remove such junk* extra trips running junk

I il baskets and/or makgneto were frequertly made prior to caring.

In cutting core No. 3 the corehead was grooved either by loose

I metal in the hole or pyrito materials from the formation. The earlier pro-

cedure in coring had necessitated picking up the core barrel to make a

connection. In doing this it is possible for junk or pyrites that had been

I held in the annulus or on the ledge of the rathole to fall to the bottom while

the connection was being made. To eliminate this hazard a 30-foot kelly

extension was obtained. Through its use, it was then possible to cut a

3 full 50-foot core without lifting the corehead off the bottom of the hole.

Even though the precautionary measures described above were

followed, the second corehead was grooved in cutting core No. 5 in the

I Dakota sandstone. This influenced the decision to forego further corin

until the Lyons formation was reached. This decision was also greatly

influenced by the lack of favorable indications in cores Nos. 1 through 5.

SI From core No. 7 it was determined that there was fracturing in

I the Lyons formation. This was observed in subsequent cores and evidenced

by the short intervals cut in the core runs.

A
I
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In & fractured forn.tion. erptctally w,,crr vertic. Ltractures are

encountered. a slight slippage of the core alesg the fracture plane can cause
the core to jam within the barrel With a core jar.amed in the barrel, excs-

I tiv wear on the mechanical components of the barrel can result in bearing

and other mechanical failuros.

i The uual indication of a jammed barrel is a sharp decrease in

I penetration rate or a complete halt in the penetration. The short core

intervals through the Lyons formation and into the Fountain formation were

frequently directly attributable to such jamming.

After entaring the Lyons formation core No. 6 was cut at a depth

of 9, 614 feet. After cutting 10 feet, circulation was lost and the coring

was stopped. There was no recovery from this core.

Lost circulatimn difficulties continued to the total depth of the hole.

i Frequently the losses occurred while coring and the operation had to he

suspended.

i With a long core barrel of a greater diameter than the drill pipe

or collars there is always a greater hazard of sticking than with a bit.

In addition, the circulation channels through a core barrel offer restric-

I tions not present with a normal drill st- g and

Thus, whenever a hazardous condition such as lost circulation

occurs while coring, an accepted practice is to pull the core barrel fr'm

the hole and conduct remedial operations with the drill string and bit.

I
I
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I
Thus, there were three principal problems encountered in the

coring operations, These were:

1. Daniage to diamond coreheade fron the hard forrnatio or
fro n junk metax in the hole. Pyrites from the formation,I especially in the "J", Dakota. and Lakota sandstones, could

also have contributed to this type of darnage.

2. Jarrr-ing of the core in the ccrre barrel rcasIlting from the
fractured formation.

1 3. Lost circulation during coring with the consequent need to
suspend coring.

i
I
II
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PHYSICAL OPERATIONS (CON-T)

DPIL.L STEM TESTS

Surnma ry

I The original drill stem test program was designed to evaluate any

intervals indicated by cores to be of interest. When a change in the coring

I prograrti was necessitated, a corresponding change in the drill stern testing

I program was made. Basically, the change resulted in testing long inter-

vale to give approximately full coverage of the formation rather than

I testing selected short intervals.

In all, fourteen formation tests were attempted. Thirteen of these

used conventional drill stem test tools. One attempt wap made using a

Iwireline teat tool. Details of the tests and the results are shown in Tables

1 9 through 2Z. Ten of these tests were mechanically successful. The wire-

line test tool plugged with lost circulation material and in the remainig,

Ithree drill stem tests the packer did not isolate the zone to be tested due

to the fractured formation.

DriLl stern test No. 14, which tested the I, 171 foot to 11, 185

foot interval uf the well, recovered 5, 400 feet of salt water in addition to

the water cushion used in the test. This salt water showed1 a total 1..oride

content of 46, 400 ppm which may not represent a true formation value due

I to contamination. Fluid recoveries in the remaining tests consisted of

drilling mud or contaminated fluids.

I
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The following tabulation shows the mtervals which were tasted,

Theme a-a also portrayed in Figirc 10,

DRILL STEM TESTS

8, 48Z- 8, 556 "J" 3andstono

3 ~2S. 628- 8, 821 Dakota-Lakota Morrison
3 9, 66Z Lyons
4 9,845-10,016 Fountain
5 9,836-10,016 Fountain
6 9,86Z-10,057 Fountain
7 10.076-10, 317 Fountain
8 10, 137-10, 339 Fountain
9 10.336-10.542 Fountain
10 10, 17-10,729 Fountain
11 10,755-10,962 Fountain
12 11,096-11,439 Fountain

(Csg. shoe at 11, 171)
13 9,660-11,985 Fountain, Regolith.

(Cog. shoe at 11. 171) Pre-Pennsylvanian,
Pro-Cambrian

14 11,020-11,985 Fountain, Regolith,
(Cg. shoo at 11,171) Pre-Pennsylvanian,

Pre-CAmbrian

Problems

The two tests run prior to reaching the top of the Lyons Formation

presented no particular problems. In test No. 1 the packer failed near

the ead of the final shut-in period, but this is not unsommon.

Scin-rI,",lt' i- . : stem testing the Lyons formation had been

I anticipated, Testingj of Lyons sandstones in other wells in the area had

shown that the sandstones have a tendency to produce fine sand into the

weliborc dur"ug tests. The sand can pack around the test tool or tall pipe

jand cause sticking, thus resulting in a fishing operation.
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During the operajton of ctting core No. t,, the first core cut in

the Lyons formation, lost circlhtion wrs experienced and no core recovery

was obtaircd- Cot No . 7, cut 2 fost below core No. 6, recov~red hard
i quartzitic sandstone with mny vertical fractures.

Thus, with the direct confirmation of fracturing from the cores .

another hazard to dr-ill stem tusting wav eistablished, If the packer on the

drill stem test tool should be set in a zone of open fractures the fluid in

the annulus above tlie packer could easily bypass the packer into the inter-

val "ing tested. In addition to invalidating the test, these bypassing fluids

create an increased hazard in that they might carry solid material such as

sand or lost circulation material and deposit this around the test tool,

resulting in sticking of the tool.

After consideration of these various hazards and the risks involved

in the various alternative m'ethods of testing versus the data to be obtained

it was decided to forego any drill stem testing in the Lyons formation.

I Any interpretation would have to be made from the cores and samples

obtainable and the logo. More definitive evaluation could be made after

cementing 8 5/8-inch casits,

I Aiw.r penetration into the L'ons formation, mud lossea and spot

cores indicated the presence of fractures in this section. Since the Fountain

formation was not known to produce sand during tests, itwas felt that

I this reduced risk would warrant resumption of the drill stem testing program,.

I
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T- lThis rmodfied prograrn provided for test"S long intervals to effect as
complete coverage of the rernaining sction as possible.

Tstes naurnberm 4. 5, and 7 were not smcoesfid due to packer

j failures. Ih these cases it is iaterpr ted that luids bypassed the packers

through fractures In the Fountain formation.

l
I
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FO0RMATION LOGGING

Ditch Samples

A prograrn of cat'Jaing, wamli,~ exa~minng,, describing, and

preserving ditch samples taken at 10 foot or ltsvor intlervaI were followed

in the drilling of the well. Samplev at shorter intervals wtre 4;aught when-

ever required by the geologist on the well. The descriptioa of theme

acrnples is included in the Sample Log 41 Volume LU of this report.

Ln alU. three sets of samples were prepared. One act was sent

to the United States Geological Survey, Ground Wr.?4r Division, Denver,

Colorado. Another wasn fuenished to thu State of Colorado 041 and Gas

Conservation Commx'ission. With the permission of the United States Army

Cor-ps of Engineers, the third set wasn sent to American Stratigraphic

Co., Denver, Colorado. a commercial tiarple library service. This act

is readily available for public use.

In addition to these sample', the personnecl of the Barold Mud

I Logng unit caught ane examined ditch samples at two foot or lesser

intervals in the section of the well logged by this equipment. The final

"Baroid ppm Log" is included in Volume LI of this report.

Core Samples

All of the core material recovered was examined and described

immediately after recovery and samples for care *.nalysis were iielected.

.56.
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In general one sample from every foot of clastic material was analyzed.

The core descriptions are included in Table 2 and in the Sample Log in

I Volume 1.1. Core analsis resulta -rc presented in, the log irtion ol Volume

II LI and a portion are shown in Table Z3.

Color photographs were taken of many of the cores, particularly

*! those showiag fractures, by the resident geologist of the Corps of Engineers.

After being described the cores were labeled, boxed, and stored in

a special shed on the location. After the completion of the well, the coreI
samples are to be stored with the United States Geological Survey, Ground

Water Division in Denver. Colorado.

Chips were taken from all cores and were included with the three

sets of ditch samples. The distribution of these is shown under Ditch-

ISamples.
Mud Logging

_- 1 A Baroid Mud Logging Unit was employed on the well from the time

of drilling out from under the 13 3/8-inch casing until the completion of

the final drill stm teat. The "Baroid ppm Log" of the interval from

2, 036 feat to 11,985 feet is included under "Logs" in Volume I.

SI This log presents in graphical form the results of the various

analyses and examinations made in the mud logging unit. The following

are included:

1. A continuous record of the drilling and coring rate.

I
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*1
2. A graphical plot of the lithology and a description of the rocks

penetrated. These are prepared from the ditch samples caught

i at two foot intervals.

1 3. Recordings of the hydrocarbons present in the mud and cuttinge.

4. Recordings of the properties of the drilling mud.

3 The Baroid Well Logging Service also provided an on-location core

i analysis, a copy of which is included in Volume Il In order to substantiate

the core analysis data determined by the logging unit, 5Z core samplesI
were randomly selected and anal ,zed by an independent core laboratory.

The results of this check revealed essential agreement between the two

evaluations. (Table 23 .)

Examination of the Baroid Mud Logging Report indicates the absence

i of any significant hydrocarbon zones. A gas kick of 30 units was indicated

through the Niobrara section. This is quite typical of the Niobrara shale

throughout the Denver-Julesburg Basin. Additional large gas kicks

I noticed at 7,700 feet were due to thu addition of diesel oil to the drilling

fluid. Off-scale deflections were recorded at various other intervals after

roundtrips out of the hole with the drill string. This phenomenon was the

I result of entrained gas in the mud system derived from the gas shows

i in the Niobrara.

I
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jElectric Loplng

Summary

I An Induction-Electric log and a Gamma Ray Neutron log were

taker through the major portion of the Arsenal well. Loes complete

coverage was made with the Sonic log, Microlog, and Temperature log.

Copies of all logo taken in the well are included in Volume Ill. Table 24

is a tabulation of the various logs, the dates run, and other pertinent data.
Problems

An Induction-Electric log and Microlog were run before setting

I the 13 3/8-inch casing. A 12 1/2-inch hole was drilled to 2.030 feet and

logging was attempted. On the first attempt the sonde encountered a bridge

or obstruction at 800 feet. A cleanout trip was made with the bit. Again

1bridges were encountered. This process was repeated until on the fourth

attempt the sondes went to bottom and the logs were run.

Since the hole was to be reamed to 17 1/2 inches the possibility

Iof reaming the hole and then logging was considered during the period of

g there difficulties. However, the quality of logs run in large diameter

holes is frequently very poor. Thus, it was decided to continue the

I cleanout runs in order to take the logs in the smaller 12 1/2-inch hole.

I The logging runs at a drillers depth of 9, 729 feet presented no

problems.

I After the keyseat difficulties developed upon reaching a depth of

I 11, 225 feet, it was decided to log the hole and run the 8 5/8-inch casing.

Therefore, an Induction-Electric log and Sonic log were taken.I
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I ' The Sonic log sonde encountered some bridges going into the hole

but it was worked to bottom. Three tight spots were encountered coming

out of the hole and it was found that one of the rubber coverinps on the

sonde had been lost.

It had been planned to run a Caliper log in order to calculate the

volume of the hole prior to cementing the casing. However, after the

s-I difficulties encountered running the Sonic log, it was decided to determine

the volume by other means and the log was not run.

In the log runs al a drillers depth of 11, 985 feet, the first attempt

I to run the Temperature log was a misrun. The second attempt was

successfuL

The only log taken in the interval from 11, 985 to 12, 045 feet was

:1 a Garmia Ray Neutron log. This was run without incident.

SI

!

i60-
f A POLUMUU A

.1



CASING INSTALLATION

I A summary of the casing and hole program used on the Rocky

j Mountain Arsenal Pressure Injection Disposal Well is enclosed as Table 25.

Figures 7 and 11 graphlially portray the casing and hole program and

Ithe details of the casing strings. A summary of the individual casing

I string assem' les are as foUowo:

20-inch Casing

The 20-mnch casing string, which was set at a depth of 135 feet in

a 24-inch hole, consisted of 94 #/ft. H-40 casing with short threadi: and

couplings and a Baker Guide Shoe. This casing string would have no severe

I stresses imposed and serves only to support the loosely consolidated sand

fi and gravel near the top of the hole. Portland cement was circulated

around this entire casing string back to the surfrce.

1 13 3/8-inch Casing

The following 13 3/8-inch casing string was used in the final

installaion. This casing string was positioned in a 17 1/2-inch hole at

2, 020 feet. This casing string was also cemented with Portland cement

with its entire length being protected with this material.

This string includes a Baker Guide Shoe on the bottom and a

baffle collar one joint off bottom.

I D. Lbs. /ft. Gra(4, Coupling Nor. 1, D. Drift I. D
Top 13. 375 54. 5 J-55 LT&C 12.615 12. 459
Middle 13. 375 48.0 H-40 LTkC 12. 559 12. 559
Bottom 13. 375 54. 5 J-55 LTLC 12.459 12.459

I
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i
The 13 3/8-inch casing string served am a base for the blowout

I l preventers during drilling operations and as a support for the load im-iposed

j by the 8 5/8-inch casing and the 5 1/2-inch tubing itrings after completion

of the well.

1 8 5/8-inch Casing

The shoe of this casing string was positioned at 11, 171 feet and

the casing was cemented over its entire length back to the surface.

i 0.D. Lbs. /ft. Grade Coupling Non. 1. D, Drift I. D.
Top 8. 625 40.0 N-80 Extremeline 7. 725 7.600

3 Middle 8. 6Z5 40. 0 H-80 LT&C 7. 725 7.600
Bottom 8.625 44.0 N-80 LT&C 7. 625 7. 500

I To position the 8 5/8-inch casing an II-inch ho) ? was drilled to a

total depth of 11, 225 feet. Because of the complexities involved in the

: I cementation of over 11, 000 feet of casing from shoe to surface, extensive

I planning and preparation was necessary. Figure 12 illustrates a typical

3-stage cementing job,

Hole Preparation

The initial operation in the completion procedure is ,he preparation

of the hole lor casing running, and placement. T i condition of the hole

at the time when 8 5/8-inch casing was run was: 20-inch casing cemented

at 135 feet, 13 3/8-inch casing cemented at 2,020 feet, and lI-inch hole

drilled to 11, 2Z5 feet.

IThe mud properties were: weight, 9. 4 ppg, viscosity, 120 seconds,

plastic viscosity, 30 cp; yield, 15 gn/l 100 cm ; water loss, 5 cc; lost

,I
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circulation material, 15 percent; oil, 10 percenti pH, 8. 5. chlorides,

4,200 ppm; and preservative. 0. 3 percent,

I This mud system was circulated for a sufficlent lcngth of timie t

completely stabilize the bore hole.

Supe rvision

I Prior to the undertaking of any major operation on the Rocky

Mountain Arsenal well, consultation was held between representatives of

the service companies involved and E. A. Polumibus, Jr., and Assrciate4

I management and consulting engineers. A number of specialized meetings

I were held prior to the installation of this 8 5/8-inch casing string.

From these meetings a series of instructions were printed for

I the field personnel. The following comments are some of the highlights

from these recommendations:

I. A Halliburton engineer was on location to supervise making-up

of the bottom float equipment.

1 2. A Youngstown engineer was present to inspect the make-up of

the joints.

1 3. The pipe was strapped twice while lying on the pipe rack so

that a double check was made.

4. A catalyic agent was used on all connections in the bottom 90

feet of the assembly for the first casing joints. The pipe grade

was N-80 steel and was not welded because of possible

crystalization damage.

I
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, 1 5. All 49 /ft. 8 5/8-indi caning was stacked separately.

6. The threads wer- cleaned with a wire brush and each thread

pratectur was in piace before it was pulled up from the walk.

1 7. The caaing was handled with extreme care when it war moved

from the rack to the derrick.I
8. A modified API thread lubricant, that is, one without a silicone

I 
base, was used on each joint.

9. The accuracy of the weight indicator was checked to aid in

I subsequent calculations.

10. All H&lliburton surface lines and connections were pressure

tested to 5, 000 psig.

11. Since a professional crew was utilized in running casing, the

Idanger from the standpoint of accidents was greatly reduced.

! As the runing of the casing was to take over 20 hours, laxity

Ion the part of the crew was one of the major problems.

IThe mechanical aspects of running the casing are summarized in

some of the following points:

1, The makeup torqtze for the extremeline casing was 4, 500 ft. -lbs.

I The makeup torque for the long -threaded and coupled casing

was 4, 900 ft. -lbs.

2. Fillup of the 8 5/8-inch casing was done as follows:

I
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a. Each joint of the 8 5/8-inch casing was filled with mud

!: during the raising of the ntext joint preparatory to insertion

and makeup.

I b, Each 10 joints the casing was completely filled.

c. When the bottom of the casing wan at a depth of 8, 200 feet,

the filing o-f the caaing wtw discontinued. The Loffland

Prothers Company considered this depth to be safe as far

as rig requirements were concerned. The remainder of

I the casing was floated in.

1 3. When setting the casing in the slips and picking up the casing,

the slips were set as gently as possible to avoid any quick

movement of casing either in setting or releasing.

4. Speed of running casing was limited to I foot per second to

minimize pressure surges at the bottom of the hole.

3 Rate of Lowering

Because of the zones of lout circulation which were exposed to the

well bore at the time the casing placement, extreme care had to be

I, exercised so that pressure surges would not break down the formation

I and cause a loss of circulatory returns. An extensive investigation indicated

r that the largest surge would exist at the time of cementUtion provided that

certain limits were adhered to in the rate of lowering the casing string.

j During the drilling operation it was noted that mud weights which exerted

I
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I rgreater than 6, 300 psi bottom hole pressure would rupture the formation,

Therefore. this valute was utilized as the meaximum pprrmisible bottom

hole pressure during the running and placr, mont of -.asinji.

The presseure iiurge calculations liche'--ed that the maximum pri*'B-
sure obtained in the lowering of the casing would be below the critical

vales o the formation provided the low.rfng rate war I foot per arcond

or leu.
I The three major forces exerted at the bottom of the hole during

I the runnin of the casing string are:

1. The piston-like movemecnt of the casing itself.

I 2. The viscous dratg of the mud along the sides of the casing, and

3. The inertial effects when the casing is lifted from and placed

in the slips.

Casing Running

The making-up of the float shoe and collar by Halliburton engineers

began at 5:50 p.r. on 2 August 1961. The botton 90 feet of casing had

its joint locking ability supplemented by a chemical catalytic compound.

I The casing was in position at 2:1p n,. on 3 August 1961. The profes-

sional crew employed for this operation had made up each joint with airI
compressor powered tongs. These tongio had a remote gauge which

indicated the foot pounds of torque applied to .,ach individual joint of

casing.

!
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1 I The overall casing placement operation was smooth and efficient.

At one point when te shoe of the casing was get at approximately 7, 500

faet, the rate of lowering was controlled bon~pletely bt .he weight of the

-Jcasing string. That is, it took the entire weight of the existing string to

pass through this interval, As was pointed out in the drilling section of

this report, considerable key seat trouble was cncouat#,red in this Area.

After this depth had been passed by the casing shoe, very little resistance

was noted.

Cementing Operation

l The stage cementing collars we re loc.ted in the relative position

shown on Figure 1. I'hree separate stages of cement would be necessary

to completely isolate the casing from the bore hole. The first stage cementing

collar was positioned at 8, 966 feet while the top stage collar was positioned

at 4, 507 feet.

First Stage

I In view of the fractured condition of the lower portion of the hole,

a gilsonite additive was blended with the cement. The bottom bole tern-

perature of 25u0 F was not sufficient to be detrimental to the gilsonite

slurry. Themel t i ng point, of gilsonite is 385 F. Twenty-five pounds of

gilsonite were blended with each cack of the pozzolanic mixture. Gilsonite

is a solid asphaltene hydrocarbon which reduces slurry weight and mimi-

rrmizes lost circulation by bridging the larger passages of permeability.

I
I
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The slurry properties with the gilsonite additive were 12. 5 ppi and a

slurry yield of 1. 75 cubic feet per sack.

Because of the bridging characteristic! of gllsonite. the first

J portion of the, elrry war a gilsonlte-free mixture, Since the cenenting

OperatiOn went to planned, its position at the bottom of the eer',-nt column

provided protection in the intervrls where the maximum presst.re from

i the hydrostatic hcad was exerted,

The cementing material in the lower stage is subjected to relativelySI
-: high temperatures. Because of this conditio. consideration was given to

strength retrogreeston.I

Halliburton Company studies on the strength behavior of different

oilwell cements at extremely high temperatures indicate that all of the

manufactured cements Lose much ol their strength at temperatures above

Z30 ° F.
Pozmix 140, dute to its chemical nature, does not lose strength,

JI but actually increases it at higher temperatures. It has excellent pumping

i characteristics and has never, to the knowledge of the Halliburton Company,

flash set in' any deep well. Pozmix 140 was selected as the best cementing

SI .mdte i i for this first stage opvration because of minimized additive

recuimrmenti and high compressive strength.

To insfur. , adequate mixing, pumping, and displacement times,

five-tenth, percent of HR-4, a lignon retarder, was blended with the

I
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j I cement, This concentration of HR-4 permitted over four hours for the

operations to be completed.

The cement slurry weight was approximatcly IZ. 5 pgj as Opposed

j to a 9.4 ppg mud system. This differential caused the cement to be dis-

placed at the surface on a vacuum until the tine of equalization of head

iPI pressures. Equalization time occurs when the same equivalent hydrostatic

I head is present in and outside the casing. During this period of rapid

fall, all available pumps were utilized to displace the slurry to minimize

I hesitations and preclude the possibility of disassociation.

No mud acid or similar material was used ahead of this first

stage of cement. .At the time of cementation all zones of lost circulation

I were sealed off. The introduction of mud acid or similar material could

disrupt this healing property ad cause the loss of the cement to the

formation.

__ I Second Stage

i A 50-50 pozzolanic Portland cement mixture was utilized in this

stage with 6 percent bentonite added to the slurry. The properties were

7. 66 gallons of water per sack in a slurry weight of 13. 3 ppg. The slurry

volume yield was 1. 53 cubic feeL per sack.

Because of the delay which was experienced between the second

and third stages of the cementing operation, due to the n.cessity.fo:-j trucking in of materials, a spearhead of 1. 000 gallons of mud cleanout
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acid was circulated ahead of the cement slurry. The extensive circulating

time could have left a deposition of mud cake in the annulus which would

have had a detrimental effect upon the second stage cement displacement.

The second stage cement was retarded with four-tenths percent

HR-4 to provide adequate pumping and displacement timcs.

PIThird Stue

r

I The upper stage of cement was a 50-50 mixture ol pozzolan and

Portland cement with 6 percent bentonite added. The rddition of this

bentonite increased the slurry volume to 1. 5 cubic feet per sack and

I rend,-red a slurry weight of 13. 3 ppg. No retarders were added to this

mixture since adequate time was available for its pumping and displacement.

I i To sumnarize, the cementing material for the first stage was

I pozmix 140. This is a special h temperature cementing material.

The second and third stages were emented with mixtures of 50-50 pozzolanic

and Portiand cements.

Operating Procedures

During the first stage of cementation the primary limitation ofI
the displacement rate was the allowable surface pressure of 600 psig.

I As soon as the preceding cementation was compl.Fted, the bomb

was dropped opening the next stage ports.

After circulation had been established, circulation was continued

until the mud properties become uniform. Before starting to place

cemenI in stages two and three, the hook load equivalent to the weight
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of pipe below the free point of the cement was slacked off. Fifty

i thousand pounds of residual weight was necessary to land the slips in

I the casing head.

To provide for adequate setting times, 24 hours was provided

I before any stage collare were drilled out.

Materials and Equipment

Because of the difficulty encountered in lowering the olo-ctric log

I sondes, a caliper log was not available for calculation of cementing

volumes. A substitute method of calculation was employed by pumping

down tracers and calculating an equivalent hole size from the lag time.

I This method provided the following volumes: for the first stage 1, 030

I sacks of pozmix 140 with five-tenths percent HR-4 and 410 sacks of

gilsonite-pozmix 140 mixture. The second stage was cemented with

I 2, 550 sacks of 50-50 pozmix and Portland cement with 6 percent ben-

I tonite and four-tenths percent HR-4. The top stage was cemented with

2, 020 sacks of 50-50 pozmix Portland cement with 6 percent bentonite.

At the rate of displacement permissible in the first stage of the

I cementation, the friction losses would approximate 300 psi. The equivalent

hydrostatic head exerted on the formations would be 5, 700 psia. The

I difference between this value and the 6, 30( psi rermissible bottom-hole

I pressure would allow 600 psi surface pressure. This was the limiting

value for the first stage displacement.

I
I
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The validity of these assumptions was confirmed as the complete

, cementing job was consummated with no apparent loss of returns.

As mentioned before, the caeing ws in position oan August 3, 1961,

I at 2:15 p.m. At this time the cementing head was placed on the casing

string and circulation was established at 4 p. m.

The first stage cementing job began after the mud system had been

equalized at 6:30 p. n., and the mixing of rernent began. At 7:35 p. m.

the cement had been pumped in the casing and the top plug was positioned

* to effect the displacement. At 9:35 p.m. the cement had been displaced

I without incident and thebomb was dropped to open the first stage tool.

One hour later 800 psi pump pressure was applied to the casing and the stage

tool opened. Circulation was established with a pump pressure of 500

I psi. So that the weight below the free point could be slacked off, a

minimum of 12 hours waiting on cement time was allowed to elapse.

~ When the fluid material immediately above the stage collar had

been circulated to the surface, it contained approximately 75 barrels of

cerrent. This would indicate that the lower stage was successfully cemented

I anI preparation for stage two began.

I Twenty-eight thousand pounds of hook load was safely slacked off

since this represented the weight of casing below the top of the hardened

cement. j(
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j |On August 4. 196 1, at 3:45 p. m. the second stage of the cementing

p rogram was inaugurated. One thousand gallons of mud acid was used

as a spearhead to the cement mixture. At 3:50 p.m. cement was being

pumped into the casing. At 5:25 p.r. tho topplug was positioned to

facilitate the displacement of the cement from inade the casing. At 6:08

*p. m. the plug landed and at 6:30 p. m. the top bomb %&as dropped to open

I the upper stage tool. At 6:52 p.m. 800 psi pressure on the casing opened

the upper stage tool. Circulation was maintained with a pump pressure of

300 psi. At 8 p. m. it was noticed that approximately 100 barrels of cement

were circulated to the pits. This indicated a good cement job and an

overlapping of cement area.

For some unexplained reason during the circulation the stage tool

malfunctioned and mechanically closed itself. To complete the cementing

operation, 6 holes were placed in the casing just above the stage collar

at 4, 501 feet.

On August 5. 1961. at 11:55 a.m. circulation was re-established

with a pump pressure of 400 psi. At 12:30 p. m. 1, 000 gallons of mud

acid were pumped into the casing followed by the cement mixture. At

1:20 p. m. the cement was in place inside the casing and the top plug was

positioned for the displacement. At 1;50 p.m. the circulatory returns

were cement. At 2:05 p. m. approximately 70 barrels of cement had

been circulated. At this time the pipe rams were closed and ten additional

barrels of cement were pumped in an attempt to sval off the perforations.
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After the completion of the cementation operations. all of the weight

of the casing string was slacked off except the reslduac weight required to

Kland the rai s iin the slips of the well head. A per-od oi Z4 hours was then

allowed for the setting of the final stage of cement.

Testing

L The 8 5/8-inch casing was set at a depth of 11. 171 feet and cemented

I in three stages to the surface with 6, 050 sacks of cement. Six perforations

were made in the casing from 4. 501 feet to 4. 502 feet.

The top stage collar was drilled out alter the 24-hours waiting-on-

cement time had elapsed and the casing was pressured to 2, 000 psi. The

pressure testing of the 8 5/8-inch casing was necessary to insure that a

segregation existed between the injected water and the shallow ground

I waters in the event that a hole in the 5 l/2-inch injection tubing developed

at a later date.

- IOn August 8. 1961, a series of tests were conducted with the rig

I pumps and Halliburton pumps to teat the cementing job on the 8 5 /8-inch

casing string. Each of thi.e, te.t. indicated a loss of pressure and a

I remedial squeeze operation was necessary.

I Rather than squeeze the formation with extremely high pressures

an attempt was made to repair the existlng cement bond. Latex cement

was selected because of its good bonding characteristics with all other

I types of cements. A 50-sack slurry was used with nine-tenths gallons

1
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of latex per sack of mixture. Th, slurry weight was 15. 1 ppg, the water

J requirement was 5 Vallong per sack, and the slurry yield of the volume

was 1. Z5 cubic feet per sack. A pressure of 2, 500 psi was used to attempt

the displacement of the latex cement mixture.

I Subsequent testing indicated the leak had not been repaired after

LI s~itable waiting-on-e iient time. Onie additional squeeze operation,

however, using the same volumes and cement mixtures achieved a

I satisfactory test.

Liner Installation

After the 8 5/8-inch casing had been set, cemented to the surface,

I and tested. a 6 3/4-inch hole was drilled to the existing total depth of

I 12. 045 feet. After a series of preliminary injection tests had been con-

ducted It was concluded that the additional investment of the liner completion

I would be warranted.

Because of the availability on the location of the 5 lI/Z-4nch, Z3 4/ft.

N-80 extremeline tubing, it was selected a& the material to be used for

, the liner. The bottom of the liner was to be positioned at the top of the

I fractured granite interval while the top of the liner wouLd overlap into

the bottom of the 8 5/8-inch casing string.

I To minimize the amount of cement moving downward, a magnesium

I open hole bridge plug was placed at I j, 985 feet with a cement plug positioned

on top of this obstruction. The liner was then made up with a Baker float

I shoe shown on Figure 13 and a Baash-RossoLiner Hanger.

II
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I

Because of the high formation temperatures, the cementing

material again was pozmix 140, This material was selected because

of Its reuietp-nct to strength retrogrison At high temperatures,

The liner was run and positioned without incident. After the cement

had been displaced. the packing element was withdrawn from the liner

hanger and reverse circulation lmtiated. After the hole had been thoroughly

I circulated, final completion operations were commenced.

I
I
[
I

I A

I

I

I
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PHYSICAL OPERATIONS (CON'T)

K 'PRELIMINARY TESTS

Two type of tests were conducted at the Rocky Mountain Arsenal

Disposal well. The first injec.tion tests to ntote fluid disposal suscepti-

bility and the second was production tests to attempt to obtain a represen4

I tative reservoir fluid sample.

Injection Tests

The prospective reservoir exposed from I 1, 97 feet to 12. 045 feet

I was tested to evaluate, in a cursory manner, its injection possibilities.

I The test results were favorable enough to warrant initial completion.

This phase of the completion operations will be covered thoroughly in a

I subsequent report entitled "Initial Fluid Injection Characteristics Pr.-

I3 Cambrian Interval" to be released March 15, 196Z, by this office.

Production Tests

Before the drilling rig was released, efforts were made to obtain

3 a formation fluid sample employing air lift. A method of lift was neces-

sary since the reservoir pressure was not sufficient to cause natural flow

to the surface. The air lift method of production proved to be uneconomical

I because of the low rate of fluid entry into the well bore.

After the rig was xemoved, a beam pumping unit was installed to

I lift the reservoir fluid. After several days of pumping, fluid entry into

the well bore again was so small that the continuation of efforts to obtain

a sample seemed unwarranted.I
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After 1, 100 barrels of fluid, in excess of the injected volume,

were recovered the chloride content was approximately 32, 000 ppm. The

trend of chloride concentration was approaching the 46, 000 pprm preaent

in the fluid from drill stem test No. 14.

CI

I

, I_
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PHYSICAL OPERATIONS (CONIT)

COMPLETION

The casing program employed on the Rocky Mountain Arsenal Well

I effectively exposed the open hole section from I 1 975 feet to 12, 045 feet

1~ Ito the well bore. After preliminary Injection tests had indicated the pre.

scnce of a potential reservoir through this interval, steps were taken to

z permanently complete the well.

Subsurface Equipment

A print of the type packer employed for the subsurface installation

Is shown on Figure 13. This packerisa Baker Model D. which has proven

itself in many years of oilfield operation as one of the more dependable

types of packing installation. This packer affect# the segregation between

the injected waters inside the tubing and the fresh waters in the tubing-

casing annulus.

Y.- The packer was set by the use of wireline implement which provides

th more politive setting mechanism. The packer was positioned just

below the first stage cementing collar at 8, 998 feet. The well bore was

next prepared to run the 5 1/2-inch 23 #/ft. N-80 extrernelie tubing for

:I the injection path.

' I Tubing Installation

The bottom section of the tubing utring is composed of a Baker

production tube which is a perforated short length of tubing. This perforated.

- Itube has an inside diameter opening of 2 5/16 inchew. This dimension is

I
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depicted on Figure 7. The next article of installation w'as the seal

nipple assembly. This assembly actually affects the packoff within the

bore of the Baker Model D packer. Both the seal nipples and the production

tube pass throtgh or are sealed inside the packer. The tubing Itseii is

positioned at the top of the packer.

Tubini Set-Down WeiglhE

, IAfter the tubing had been run and positioned at the top of the Model

D packer, 65, 000 pounds tubing weight was slacked off to compensate for

subsurface forces acting to disrupt the tubing to annular seal.

Values of necessary setdown welghto were calculated taking into

account three forces--two caused by changes in pressure and one by

temperature variations. These forces are summarized as follows:

1. Force due to Internal and external pressure changes acting on

the end areas of the packer.

2. Force due to internal and external pressure changes acting on

the inside or the outside walls of the tubing, causing ballooning

or reverse ballooning.

3. Force due to temperature changes of the tubing.

Under the conditions of injection the force on the end areas of the

packer would produce the resultant of about 7, 000 pounds in a downward

direction. The ballooning force, force No. Z, resultant, would be 17, 000

pounds in an upward direction, and the temperature force, force No. 3,

-80.
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would be 55, 000 pounds in an upward direction. The net effect on the

setdown weight would be a reduction of 65, 000 pounda.

7I Since this force is equal to the setdown weight employed at the tine

of the installation, the tubing will be eusentially in equilibrium with the

overall length of the seal nipple assembly being an insurance factor for

tubing annular segregation,. Since these calculationa were based on the

wellh.ad surface pressure of 2, 000 pounds, an additional safety factor is

incorporated in the calculations.

Before the tubing was positioned and landed the final time, potable

I water was circt-lated into the annular area between the 5 1/2-inch tubing

and the 8 5/8-inch casing.

Stimulation

I nSice a considerable amount of drilling fluid was lost in the open

hole section bAow the 8 5/8-inch casing shoe, 3, 000 gallons of mud acid

were injected and produced back to cleanup the area immediately surrounding

I the well bore.

- IWell !-ead

The well head serves as a hanger foi- the casing and tubing as well

as a cl-ntrol device at the surface to permit performance of necessary

operations u.,der various well conditions. A drawing of the well head

equipment installed at the Rocky Mountain Ars.,nal i.. .;hown on Figure 8

The primary sections of the well head are the caning hanger, tubing spoo.,

I master valve, float t(.e, and lubricator valve.
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j Each of the casing strings requires a hanger positioned at the

well hei'.. Each of these casing strings is hung from this hanger by means

of a slip and seal assembly, Since the injection pressures will be applied

* I to the tubing spool, it must be a 3. 000 pound working pressure which is an

API series 900 rating.!
Because of the need for running full diameter tools within the tubing,

3the master valve is of sufficient size to allow such tools to pass. A 6-inch

series 900 full opening gate valve is the smallest valve commercially

I available which met this requirament.

i A 6-inch by 6-inch by 4-inch series 900 studded tee is positioned

above the master valve with a 4-inch outlet oriented to receive the flow

I line. This opening is commensurate with the di-amet -r of the discharge

lines above the injection punmps.

The small diameter gate valve above this flow line tee allows the

:1 I introduction of special tools irto the well bore without dismantling the

well head. This valve has an inside diameter opening comparable with

2 1/2-inch tubing.

At the top of this valve, called the lubricating valve, a tapped bull

plug leads to a needle valve and gauge whic. are provided for visual

observation of the tubing pressure. All c! these fittings are rated at 3, 000

psi working pressur,.,. This well head design p ivides for all foreseeable

requirem-.ent s withio the 2, 000 psi operating pressure anticipated.

I
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Surface Safety Devices

With the tubing landed in the packer at the bottom end and the

tubing in the slips and sealing assembly at the well head, the annular

SI volume between the 5 l/Z-inch tubing and the 8 5/8-inch casing becomes

a closed chamber. U any leaks occur in this chamber, a pressure sensing

device at the well head would be activated. For this reason, a cuatinuoua

pressure recording device is incorporated in the well head design. By

this means any anomalous pressure behavior in the annulus will be detected

immediately and remodial steps can be initiated.

I
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DEVIATION FROM DESIGN

IDRILLING
The deviation of actual drilling program details and time schedule

from the program and forecasts presented in the Final Design Analysis

I ~report released by E. A. Polurnbus, Jr., and Associates, Inc., on July 5,

1960 is sum-marized in the following tabulation:

Items Estimated Actual Difference

i Total Depth 11,4001 12,045' '645'Number of Cores 15 28 13
Footage 689' 639' - 50

Drill Stem Tests 14 14Electric Log Runs 2 3 1 1
Casing Strings 3 4 1 I

Time Analysis-Spud to Total Depth

Days
Net drilling time 55.30 8.63Coring and reaming 30.19 40.50 -10.31

"ore holeI Drill Stern Testing 13.00 13.60 - 0.60Electric logging 1.50 4.80 - 3.30
i Run, Cement, WOC and 6.00 18.20 -12.20recement casing

Lost circulation, mix mud, 7.00 31.50 -24.50
condition hole

Fishing- drill pipe, bit cones, 0.00 8.90 - 8.90
junk, etc.

Contingencies including 5.00 5.90 - 0.90
waiting on orders

Rig repairs 0.00 6.30 * 6.30
Total Days 109.36 185.00 .75.64

Reference to the DASCO drilling analysis chart (Figure 6 ) shows

that net drilling time in the Arsenal well from aiurface to the top of the Lyons
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at 9, 58Z feet was 33 days. This compares to 33 naet drilling days forecast

I in the Final Design Report required to reach the top of the Lyons at an esti-

mated depth of 9, 746 feet.

The forocast net drilling time from the top of the Lyons to the esti-

I mated total dapth of II, 400 feet was Z6 days for the anticipated 1, 654 feet

net interval. The 1,818-foot interval penetrated in the Arsenal well fron

the top of the Lyons at 9, 582 feet to 11, 400 feet required 51.5 net drilling

1 days. The &ection of this report dealing with Penetration treats of the

various factors in the Arsenal well contributing to this difference of 25. 5

net drilling days.

IGEOLOGY
The following tabulation summarizes the estimated versus actual

depths of the various geological marker tops in the Arsenal well:

Depth to Top
Geologic Formation Estimated Act ual

* Fox Hills 1. 345' 1, Z50'
U Pierre Shale 1,455' 1,480'

Hygiene Zone 5, 325' 5,448'
Niobrara 7,805' 7,710'
Carlile Shale 8.078'
Greenhorn Limestone 8, IZn'
Granerous Shale 8,345'
"3" Sandstone 8, 576' 8, 485'
Dakota Sandstone 8.816' 8,633'
Lakota Sandstone 8,916' 8,730'
Morrison Formation 8,936' 8,786'
Lykins Formation 9, 341' 8, 07Z '
Lyons Formation 9,7461 9, 582'
Fountain Formation 9,865' 9, 77Z'
Regolith 11,880'
Ordovician? Cdmbrian? 11,895'
Pre-Cimbrian Schist 11,950'
Pre-Cambrian Gneius 11,400' 11,970'
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CASING AND COMPLETION PROGRAM

The pr ncipal dlf5rencca between the pogyara originally deti.gd

j and the program actually followed were the setting depth of the 8 5/8-inch

casing string and the total depth of the well.

Hole conditions dictated the necessity for the premature setting of.!

the casing while the actual depth was some 600 feet deeper than that

i anticipated. Because of these conditions, a liner completion was neces-

sary to case off the interval from the top of the pre-Cambrian rocks to the

i bottom of the 8 5/8-inch casing.

I The folowing table summarizes some of the main points of neces-

sary deviation:

I Designed Actual

. Total Depth 11, 400 ft. -300 ft. 12, 045 ft.

Casing Setting Depths
u 20 -inch IZ5 ft. 135 ft.

13 3/8-inch 2, 000 ft. Z, 020 ft.
8 5/8-inch 11,400 ft. 11, 171 ft.
5 1/2-inch Not Required 11,975 ft. (liner)

Packer Setting Depth 10, 000 ft. 9, 000 ft. (approx.)

I Tubing Required 10, 000 ft. (approx.) 9,000 ft. (approx.)

Casing for Liner
5 1/2-inch None Required 1,000 ft. (approx.)

I Perforating Jets or Ballets None Required

I
I
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RESUME OF ORGANIZATIONAL FUNCTIONS

The design and drilling of thp R'rcky Mountain Ar"cn-a, Preare

Inrjection Disposal Well was assigned to the U. S. Army Corps of Engineers,

Omaha District, by the U. S. Army Chemical Corps. The Corps of

I Engineers in turn engaged the firm of E. A. Poltubus, Jr., and Associates.

Inc., to design the well, supervise the drilling and completion, provide

I the necessary engineering and geological services, -And manage the pro-

ject. These services were provided for under an Architect-Engineer type

contract (contract No. DA-25-066.eng-6033). The design of the treating

l plant facilities was assigned to A. J. Ryan and Associates under a separate

n contract.

Corps of Engineers

Colonel H. 0. Woodbury, Jr., District Enginoer, U. S. Army

I Corps of Engineoe. Omaha District. appointed Lt. Colonel 3. M. Frassrand

as Contracting Officer for contract DA-6033. Colonel J. J. Haley replaced

Lt. Colonel Frassrand in October, 1961. Mr. Ralph E. Rader. Chief

I Military Design Branch, served as Contracting Officer's Representative

throughout the term of the contract.

Other Corps of Engineers supervisory personnel who were directly

I or closely associated with the project were Mr. J. Ackerman and Mr.

Gordon Haugse. Mr. Ackerman was aggressively involved during the

initial phases of the negotiations between the Corps of Engineers and the

I
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Polumnbus firm, He also was active in later critical phases of an

administrative nature. Mr. Haugse functioned throughoui the term of

the contract in a liaison capacity expediting nercssar, Contacts between

IPolumbus pertwnnal and the Corps of Engineers,

The Corps of Lngtneers' field repe sentative was Mr. J. Zeltingcr.

4,
He was assigned to the well site a, a geological observer.

Chomical Corps

Although not directly involved in the, design or construction phase

of the project, the Rocky Mountain Arsenal administrative personnel

contributed appreciably to the efficient functioning of the operation. Through

i i their co-operative efforts, Colonel William J. Allen, Jr., Commanding

Officer until his retirement, September 30, 1961, his successor. Colonel

Charles H. McNary, and Mr. George F. Donnelly, Chief, Engineoring

-rT- Division, effected a well co-ordinated relationship between the Arsenal

Complex and the drilling operation.

-- Mr. John 0. Neighbours, Jr., was assigned to the project as an

SI. engineering observer on the well site. His familiarity with governmental
|

procedures and visiting government personnel coupled with the knowledge

he acquired during the progress of the operation was of considerable aid

to the project management.

I
'I
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j E. A. Polumbus, Jr., and Associates, inc,

Mr. E. A. Polumbus, Jr., presedent of the consulting petroleun

I engineering firm, appointed Mr, 0. F. Mechem as project manager for

all engineering and operations work done under contract DA-6033, P'ior

to this contract Mr. E. 0, Grejory of the Polumbius firm waa in charge

of the preliminary design work conducted under the earlier contract,

DA-5969. Mr. D. M. Love was appointed to handle the comptroller

aspects of the contract which involved matters of finance, accounting,

and bookkeeptng.

The design, planning, and contracting phases of the contract were

handled by various specialists in the Polumbug firm, with the details being

handled for the most part by Mr. C. E. Haskett and Mr. Al Samuels,

I Mr. Mechem personally conducted conferences and negotiations regarding

drilling specifications and desiga of a drilling contract. This effort

culminated in a contract (No. 6724) being awarded to the Loffland Brothers

Company for the drilling of the well, Mr. Henry Sikso s,.rved as Contracting

Officer's Representative far thc Loffland contract. Inasrnuch as

E. A. Polumbus, Jr., and Associates, Inc., under contract No, 6033

I was authorized to manage the drilling operation under contract No, 6724,

a close asaociation developed in the co-ordinatud handling of the two

contracts. Not only were the physical operations conducted under the

direction of the Polumbus firm, but the accounting of expenditures for

i both contracts was routed through the Polumbum' office comptroller section.
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Mr. Mechem's duties as project manager for E. A. Polunbaus,

Jr., and Associates covered all phao#s of the drilling and com~plction

of the well. He was required to be familiar with all developments on

" ithe well, and to be available for con.fcruncti at the well site as well as

in the various business offices at all times.

The contract called for 24-hour engineering supervision at the

m well site. Engineers from the Poluxmbus firm were assigned to regular

and relief 12-hour shifts. Mr. Al Samucls was designated as Project

Drilling Engineer on the well site, He maintained constant contact with

the well either by actually working at thv, site during one of the 12-hour

m shifts or through telephone contact with the engineers on duty.

Mr. L. J. Scopel was the Project Geologist and was responsible

for all geological aspects of the operation. He was available on 24-hour

call throughout the drilling of the well. The Baroid mud logging facilities

included operators on the unit on a 24-hour basis. This personnel was

I under the supervision of the Project Geologist.

Mr. J. H. Garrett was the Project Completion Engineer and

directly supervised the completion activities, including injection testing,

m procurement of formation water samples and the final setting of the well

1 head.

Various other members of the Pulumbus staff followed specific

I phases of the operataon and were available for consultation or fi.ld
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operation in their specialities, Among - ere Mr. B. A. Lu-zr as

Project Testing En,.neer, and Mr. D. A. I- land 4s Project Rev.oir

Engineer.

i ! Throughout all phases the Project Manager was informed daily of

the progress and developments on the well. He was also notified of any

s special developments at the time of occurrence. "his information was

relayed, daily, to the Corps of Engineers in Omaa. Whenever a question

aroee or technical and/or managerial advice were required, the entire

I staff of the Polumbus firm as well as specialists irorn the drilling con-

tractor and oilfield service companies were available for consultation.

Conferences were held in the Polurnb us Denver offices and at the field office for

all major decisions.

Following is a list of technical and mandgerial personnel in the

Polumbus organization that were associated directly with the drilling

and completion of the Rocky Mountain Arsenal Pressure Injection

Disposal Well:

Drilling, Completion, Testing, and Management

E. A. Polumbus, Jr. President and General Manager
0. E. Mechem Project Manager

D. M. Love Comptroller

A. Samuels Project Engineer-Drilling
J. H. Garrett, Jr. Project Engineer-Completion
D. A. Rowland Project Engineer-Reservoir
B. A. Lear Project Engineer-Testing and Logging

L. J. Scopel Project Geologist
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Opeerations

G. C. Welch Engineer
, H. H. Sells Engineer
* F. J. Kirchmaa Engineer

J. C. Bosio Engineer
i H. B. Shirley Geologist

Advisory

G. R. Downs Geology
M. S. Legge Drilling Analysis
C. E. Haskett Design Engineer
E. 0. Gregory Design Engineer

Loffland Brother'- Company

The drilling operations staff of Loffland Brothers Company wasSI
*/ available for consultation throughout the drilling of the well. Mr. W. C.

Valker, the division manager in Casper, Wyomiing, was in daily contact

with the drilling operation through his superintendent, Mr. K. W. Conner

and the location drilling foreman (toolpusher) Mr. Louis Brown. Mr. Brown

was in close 24-hour cw-th-he-well. -This team of drilling experts

was supported by the Loffland drilling engineering staff in Casper, Kryoming,

and in Tulsa. Oklahoma.

i Service and Equipment Companies

Contract DA-6033 included provisions that required E. A. Pol-ambus,

Jr., and Associates. Inc., to procure specialized services and/or equip-

ment as needed during the drilling and completion of the well. Following

is a list of companies that providcd such services and/or equipment.

IJ
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Acire Tool Transportation, Inc. A. 3. , J. Welding Service

Armco National Supply Division Associated Oil Field Rentals
7 Armco Steel Corporation Division of Homco

Aurora Sand & Gravel Co. Aurora Welding & Repair Service

Baash-Rose Division of Baker Oil Tools. Inc..1 Joy Manufacturing Co.
Baroid Division

Bethlehem Steel Company National Lead Company

Brormley and Siebert Excavating, Cable Drilling, Temperature and Well
Inc. Servicing Co.

Continental -Emsco Company Core Laboratories, Inc,

Cox Welding Service Dalgarno Transportation, Inc.

The Denver and Rio Grande Dowell
Western Railroad Co. Division of the Dow Chemical Co.

Drilco Oil Tools, Inc. Drilling & Service, Inc.

Duke's Truct & Auto Repair The Farley Machine Works Co.

Frohlick Crane Service Grant Oil Tool Company

G. & L. Tractor Service, Inc. Hagan Chemicals & Controls, Inc.

Halliburton Company Houston Oil Field Material Company, Inc.

John Bunning Transfer Co., Inc. Lane- Wells Company

Maddox Oil Company Mid. Z.-ntinent Supply Co., Inc.

Miers Well Service, Inc. Mine & Smelter Suppiy Co.

Miner Machine Company Oil Well Perforators, Inc.

O'Quinn & Murray, Inc. Power Rental Equipjent, Inc.

Prestons Welding Service Schlumberger Well Surveying Corporation

I
I
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Tombin Transportation Company Treasurer of the United States
Headquarters, Rocky Moumtain Arsenal

I! Well Completions Incorporated
Winslow Crane Service

Wright Petroleum Laboratories

B *
!I

I

I
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PROSPECTIVE INJECTION RESERVOIRS

j !j SELECTION PARAMETERS

In the Final Design Analysis for the Rocky Mountain Arsenal

Pressure Injection Disposal well eight of the geologic formations or units

to be penetrated were considered as objective horizons in the search for

an injection reservoir. The well was completed with the lowermost 70

feet of the well bore, in fractured pre-Cambrian rock, being tested as

the initial injection reservoir. This section had not been predicted as a

prospective injection reservoir.

The stratigraphic section and the mechanical aspects of the well

are summarized in the frontispiece. Table I also shows the details of

. the stratigraphic section.

VThe interval under test is exposed in the open hole below the 5 i/2-

Sinch -liner. Regardless of the results of the initial fluid injection it is to

be expected that at some time in the future this disposal reservoir will

have accepted its capacity of waste fluids at designed injection pressures

and a new injection reservoir will have to be sought in the cased portions

f the hole. When or before this occurs the potential of the various strata

in the well to serve as a waste disposal reservoir should be evaluated.

a 4m Selection of the next reservoir to be tested will be based not only on the

relative merits of the strata, but also on operational factors.

I
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it is not within the scope of this report to prosnt a detailed

Z evaluation of the waste disposal reservoir potential of al of the strata of5I

rthe well. However, a brief discussion of the necessary considerations

for such an evalation is presented and the observed physical character-

istic s of the various fornations are aumrnarized,

There are two basic considerations in estimating the potential of

I subsurface strata to serve as an injection reservoir, i. ., storage capacity

of the rocks and accessibility to this storage. More commonly expressed.

it is necessary to ascertain if there is porosity in the rock indicating the

I existence of storage space and if permeability is present to permit fluid

to enter the pore space at desired rates and pressures. The quantitative

inter-relationships of these factors and other considerations such as

I friction and volume are complex but the basic -requirement is permeability

I and porosity.

Most rocks exhibit some degree of natural permeability and

porosity. The natural permeability and porosity of unsealed indigenous

fractures in the rocks are also important considerations in that they

provide large areal access to the pore space in the matrix rock. Further-

more, fractures can be induced or natural fractures can be enhanced by

i mechanical means. In calcareous materials acid treatment can increase

permeability near the well bore and thus provide increased access to

the matrix material.

1
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An idealized injection reservoir would have an Interval of highly

porous and permeable rock. Open fractures, either natural or induced#

would be present, if necessary, to provide rapid distribution of the fluid

Ifrom the well bore &nd to give widely distributed contact of the fluid to the

porous and permeable rock, Lacking theve idealized conditions, cornpro-

mises and adjustments have to be accepted.

I iIn the case of the Arsenal well, it can be stated that iti .11 cases

the rocks penetrated in the various objective zones, exhibited low porosities

and ,ery low permeabilities. It is doubtful that sufficient matrix permea-

bility and porosity exist to establish any one of the objective zones as a

reservoir utilizing a practical thickness of this rock. However, numerous

fractures were observed in cores, in portions of a large interval in the

I well, and additional fracturing is inferred and interpreted to exist from

log data and lost circulation occurrences.

It is believed, therefore, that in selecting injection zones in the

Arsenal well that determination of the more highly fractured zones %ill

be a prime consideration. Secondarily, the matrix characteristics of

the various fractured zones should be compared. These factors should

then be considered and balanced against the operational factors before

selecting a zone to be tested.

Since the Arsenal well is located a considerable distance from other

wells penetrating the same sediments, and since it is so far removed from

I
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the outcrop area, extrapolations are not possible. Thus, it is necessary

to assume thAt the physial characteristics observed in the well bore will

i be continuouik over the radiua of influence of the well.

In the prograrming and the drilling of the Arsenal wel1, gathering

of data was a prime conideration. Economics and operational considerations

I sometir es forced modifications of this program, but every effort was made

Smto obtain the necessary data for evaluation of the injection reservoir poten-

tial of the strata penetrated.

m Some of the more important tools and data to aid in tis evaluation

I are listed below:

Cores
I De sc riptions

Analyses

Formation Logo

Sample De arriptions
Induction-Electric Logs

Mic rolog s
Sonic Logs
Gamma R~ly-Nutron Logs
Mud Logs

I Drill Stem Tests

Drilling Records

Penetration Rate Changes

m Lost Circulation Zones

I
I
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1 Core#I i

Cores are thr most positive indication of subsurface conditlona

£available. With them it is possible to examine an actual piece of the

formation of sigrnifcant sizc. The lithology and physical makeup can be

seen, fractures can be observad' and direct measurements of the phyticaa

characteristics of the rock can be made.

"I Among the most important core rrasurements available from the

pressure injection well at the present time are the matrix permeabilitles

and porosities measured on the recovered cores. The descriptions of

the frequency, size and nature of fractures arc also very valuable.

The limitations of core data should be recognized. Cores only

provide data over a limited interval. Extrapolations are made and

continuity of character is frequently asuned, but the quality of such data

is dependent on the percentage of total section cored and the manner of

selection of the cored interval. For example, cores objectively taken at

pre-determined intervals are statistically more representative of the

characteristics of the total section than cores taken wherever some

favorable formation characteristics were noted.

During the drilling of the Arsenal well, a total of 28 cores were

attempted. These cores cut 639 feet of section fromwhich 575 feet were

recovered. This gives a recovery percentage of 90 percent. Table 7

lists the cored intervals and formations as well as the recoveries.
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Formation Loge

Because of economic and operational limitations, evaluation tools

i •isuch as cores and drill stem tests are only used in selected or lisnlted

I portions of a hole, On the contrary the various fornation logs normally

provide data for the full section penetrated. Most types of logo, however,

are records of measurements or observations of various physical proper-

ties of the strata. Most frequently these dzta are not directly applicable

to reservoir problems and to b usable, interpretations and calculations

I based on theoretical or empirical relationships are required.

I From the sample logs and the various electrical logs the lithology

and thickness of the strata can be determined. The quality of data from a

I sample log is dependent on such factors as the nature of the rock. the

I drilling rate, and the nature of the drilling fluids. The pri.mary application

is the determination of lithology and only qualitative observations of

I reservoir parameters such as permeability an porosity are possible.

I n addition to their application In the deternination of lithology and

thickness of strata,the various electrical logs can be utilized in calculating

porositiew. Especially where core data is available for checking and

I calibration, usable porosity data can be calculated from the logs,

At the present time there are no recommendable interpretative

techniques to estimate formation permeability from the for ration logs.

I
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The Sonic log is the most useful tool a iallculating porosity, and

in addition it gives valuable 'lAcations regarding the posoible location of

I fractures or fracture zones. Although these data are not completely

definitive. the indications are su~ffciently reliable to be used as supporting

evidence. One shortcoming of the Sonic log in locating fracture* is that

it gives no indication of vertical fractures.

I A summary of the various logs taken during the drhiling and

completion of the Arsenal well is shown in Table 24.

Drill Stem Tests

From successful drill stem tests, data can be obtained in regard

to the fluid contained in the rock, the reservoir pressure, and the overall

capacity of the tested interval to transmit fluid. Each of these is applicable

I in the evaluation of prospective injection reservoirs.

From the standpoint of contamination, it is not desirable to inject

waste fluids into any strata considered to have a potential for producing

I oil or gas within the effective area of the injection reservoir. Although

the various samples and logs give some indications of the fluid content

of the formation rocks, a drill stem test is the most positive means of

actually sampling the formation fluid during the drillingtf a well.

Injection in a reservoir is accomplished by compressing the natural

reservoir fluids which are assumed to occupy 100 percent of the pore space

in the rock at the natural reservoir prssure. The space thus created is

I . ,
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then occupied by the waste or injected fluid. If the natural reservoir

pressures are abnormally high, excessive injection pressures are required.

The pressure of a reservoir can be obtained from the pressures

re arded during . drill stem test or from entrapolations made from these

Calculations from drill stem test pressures may show the overall

I capacity of the tested interval to transmit fluids. This is. of course,

directly applicable to the evaluation of the init'il injection capacity 4 the

Sl interval.

I A total of 14 drill stem tests including one wireline test were

attempted in the well. Of these, ten of the drill stem tests were nechani-

cally successful. Due to the low permeabilities in the rocks tested, it

I would have required prohibitively long testing periods to have obtained

optimum pressure data. Therefore, in many of the tests, it will not be

possible to make reliable quantitative pressure interpretations.

I The details of each test are shown in Tables 9 throughZ2. A

summary of the tests and intervals is shown on page 53.

Drilling Records

I One of the most valuable tools to assist in evaluating prospective

injection horizons is the record contained in the drilling log of occurrences

of lost circulation while drilling.

I
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When lost circu ion occurs, it means that in the strata being

drilled or in some po in of the strata already drilled, the natural reser-

voir pressure has bet n exceeded by the hydrostatic pressure of the mud

column to the extent that mud is being injected intO that strata. In essence,

by accident, the well becomes an injection well during the period of the

mud loss.

The identification or location of the intewval of lost circulation is

not always possible. However, most frequently the lost circulation occurs

in the zone being drilled. A careful analysis of penetration rates, mud

I characteristics, remedial procedures used and well performance after

the resumption of drilling must be coupled with other analyses of cores

A I and formation logs before an interpretation of the location of a lost circulation

it zone is made. Lost circulation occurrences are graphically portrayed in

Figure 10.

--13
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PROSPECTIVE INJECTION RESERVOIRS (CON'T).

CHARACTER,ICS OF POTENTIAL INJECTION RESERVOIRS PENETRATED

In the Final Design Analysis, all of the anticipated objectiveI
injection reservoirs to be penetrated in the Arsenal well were considered

and discusk" T. These included the Hygiene sandstone zone, the Codell

sandstone, the "J" sandstone, the Dakota sandstone, the Lakota sandstone,

the Morrison formation, the Lyons formation, and the Fountain formation.

I The fractureti pre-Cambrian rock interval which is being initially tested

was not orieiznally predicted to be a possible injection reservoir.

I .In the following discussions frequent reference is made to epecific

data regarding the various strata. The following list shows where these

various data are found in the report:

I Stratigraphic section Frontispiece and Table I
Sample and core descriptions Sample log - Vol. III

Ifl _0 - rCel" o -riptions--- ..- Table 2 ... .
- Core analyses Logs - Vol. IUI, Table 23

Summary of cores Table 7
Drill stem test summary Page 53
Drill stem test results Tables 9 to 22
Formation logs Vol. III

I Drilling records Figure 10 and Vol. U

Hygiene Sandstone

The Hygiene sandstone zone in the Arsenal well is composed

primarily of sandy shales. Since no sandstone development of significa~nce

I! was noted, this zone is regarded as having no potential as an injection

reservoir.

IID4
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Codell Sandstone

There was no recognizable development of the Codell sandstone in

the Arsenal well.

J" Sandstone

The 120-foot interval of "J" sandstone in the Arsenal well between

8. 485 and 8. 605 feet consists of a 45-foot section of quartzitic sandstone

I containing slight oil staining and some fracturing and 75 feet of intern-xed.

quartzitic sandstone and dark grey shales.

A total of 62 feet of "J" sandstone was cut in two cores in which

the recovery was 100 percent.

From the sandstones recovered, a total of 38 core samples were

I analyzed. All permeabilities were less than one millidarcy. Porosities

SI ranging from I. 2 percent to 2. 1 percent were measured with the arithmetic

average porouitybeing 5.7 percent.

Oil saturations were noted in the "J" sandstone core samples to

a depth of 8, 525 feet. Visual examination showed this to be spotty saturation.

A drill stem test was taken in the 8, 482 to 8, 556 foot interval which

includes the better developed sandstones and more especially the interval

I which showed oil staining. The tool was open one hour and recovered only

200 feet of slightly gas-cut mud.

Qualitative analysis of the Sonic log shows some possible fracturing

in the "J" sandstonf interval. There were no mud losses in the section

during the drilling and coring operations.

I
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The quality of the "J" sandstone as evidenced by the core and log

data and the poor recovery in the drill stem test eliminates the "J" sand-

stone as a potential injection reservoir in this well.

KJ Dakota-Lakota Sandstones

The Dakota-Lakota sandstones are in the 153-foot interval between

! I 8, 633 and 8, 786 feet in the Arsenal well. The upper sandstones (Dakota)

3 Iare characterized as being of fine to medium grain size and hard to

quartzitic. The Lakota sandstones are fine grained and quartzitic. Both

contain some shaly sandstone and a 20-foot shale section separates the

I two units.

Three coree were taken in the Dakota sandstone. Of the total of

52 feet of sectirg cut. 50 feet were recovered. This represents a recovery

I of 96 percent.

Thirty-one samples of sandstone from the cores were analyzed.

With two exceptions the permeabilities were less than one nillidarcy.

3 One sample showed 1. 4 md. and one sample, described as fractured,

showed 3. 5 millidarcies permeability. The porosities ranged from 8. 5

percent to 1. 7 percent with the arithmetic average being 4. 6 percent.

3 One drill stem test was taken across the interval from 8, 628 to

8, 821 feet. This includes the Dakota and Lakota sandstones and an upper

shaly portion of the Morrison formation. The tool was open one hour and

I only 400 feet of slightly gas-cut mud was recovered.

I
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IA qualitative interpretation of the Sonic log shows some possible

fracturing. but this was not vrified in the sections cored. There were no

I mud losses noted during the drilling and coring of the interval.

1 On the basis of the data obtained, the Dakota-Lakota sandstones

are not considered to be potential injection reservoirs in this well.

Morrison Formation

I During the drilling of the 186 foot interval of the Morrison fornmtion

penetrated between 8, 786 and 8, 972 feet none of the strata exhibited

characteristics of sufficient quality to warrant coring or drill stem testing.

I From a qualitative analysis of the well logs and other well data,

none of the zones are indicated to have significant porosity or indications

or permeability to be of interest. Thus, the Morrison formationis not

I believed to have any potential as an injection reservoir.

Lykins Formation

The Lykins formation is 610 feet thick and was encountered in the

I intcrval between 8, 972 and 9. 582 feet. The sediments are red, silty shales

with the exception of 15 feit of fine grained quartzitic sandstone near the

top of the formation and an 80 foot section of anhydrite and red shale near

I the base of the formation.

There were no cores or drill stem tests taken in this interval.

Some possible fracturing in the 15 foot sandstone interval is indicated by

I the Sonic log. This sandstone is not considered to be of sufficient thickness

!
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for it to be considered as a potential injection reservoir. The only

possibility would be to combine this unit with other potential reservoirs.

Lyons Formation

I The Lyons formation was encountered in the 190-foot Unervl between

9, 58Z and 9, 7Z feet in the Arsenal well. It consists of fine-grained orange

qu artzitic sandstone with thin red to maroon shales.

I A total of 95 feet of section was cut in 8 cores taken in the Lyons

formation. From this interval 84 feet were recovered which represents

an 88 percent recovery.

One hundred thirty-two samples of sandstones from the cores were

analyzed. With one exception the permeabilities were less than one

4: millidarcy, The observed porosities ranged from 7. 1 to 1. 0 percent with

the arithmetic average porosity being 3. 1 percent.

Extensive fracturing was observed throughout the cores recovered

in the Lyons formation. Some of the fractures are closed and others are

I described as hairline fractures of several inches to open fractures one

"I to two feet in length.

Due to the anticipated mechanical difficulties associated with the

' presence of fractures and the occurrences of lost circulation and the

possibility of loose sand being produced during testing, no attempts were

made to test the Lyons formation with conventional drill stem test tools.

I As an alternative means, one formation test was attempted utilizing the

j Schlumberger Formation Interval Tester. This test was unsuccessful

due to plugging of the tool with lost circulation material in the drilling mud.

-108-
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Indications of fracturing in some of the drilled Intervals in the

forration are not.d on the Sonic log. These indications are found principally

in the top 130 feet of the formation.

Ii The first lost circulation in the well occurred shortly after drUling

into the Lyons formation. A total of eight instances of mud losses were

noted in drilling this formation. These ranged in severity from a 10-barrel

loss to a 320-barrel loss per occasion.

I In the Lyons formation there is a higher density of favorable indi-

cations of the zone having the qualifications necessary for a disposal reservoir

I than in any other interval penetrated. However, it should be mentioned that

i there is a heavy concentration of core data in the upper 140 feet of the

formation. In some of the subsequent drilling, coring was not undertaken

I due to mechanical and economic considerations. Furthermore, the occur-

___ ri nces of lost circulation may have decreased in subsequent drilling as a

result of experience gained while drilling in the Lyons formation.

I On the basis of the various characteristics observed it can be stated

that the Lyons formation contains prospective injection reservoirs and

future testing of this interval is definitely warranted.

Fountain Formation

I A total interval of 2. 108 feet of Fountain formation was penetrated

between 9, 71Z and 11, 880 feet in the Arsenal well. The upper 110 feet of

I the formation consists of fine grained feldspathic sandstones, siltstones,

I
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and maroon shales,. Below this interval the sediments are primarily

arkosic sandstones and conglomerates and red and green shales. The

cement for the clastics may be clcareoUs materials or a combination of

calcareous and clay materials.

A total of 408 feet of section was cut in 11 cores takiet in the

Fountain Formation. The recovery of 359. 5 ieet represents 88 percent.

The ZZ0 samples analyzed contained 37 samples which showed

permeabilities of one millidarcy or greater, The majority of these higher

permeabilities are found in the interval between 11, 265 and 11, 300 feet.

The porosities measured in the formation ranged from 7. 8 to 0. 8

percent with the arithmetic nverage being 3. 2 percent. Of interest is the

fact that the average porosity associated with the 37 samples showing per-

meabilities of one millidarcy or greater is 4. 8 percent.

The cores showed a high degree of fracturing to a depth of 10, 400

feet. Below this depth only scattered fracturing was observed in the cores;

however, a preliminary interpretation of the Sonic log shows possibilities

i of scattered fracturing in intervals throughout te formation.

Eleven attempts were made to drill stem test portions of the Fountain

formation. Three tests were unsuccessful, but some of the remaining tests

yieded usable pressure data. Fluid recoveries were drilling mud or

mud contaminated formation water in all but one instance. In test No. 14

I1 which covered the lower portion of the Fountain formation into the pre-

Cambrian rocks. 5. 400 feet of salt water was recovered.
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., am Numrerous occurrences of lost circulation were experienced while

i!drilling and coring in the Eountain forrntion, The greater number of these

viud losses occurred in the interval between 9.,960 and 10, 250 feet, The,

I lowermost raud loss took place at 11, 080 and was the most serious in the

well with some 1, 350 barrels being lost.

I An might be expected, the zone where mud loss frequencies were

i high and the zones where fractures were observed coincide in part. This

general interval from the top of the Fountain at 9, 772 to a depth of 10, 400

I feet is thus considered to warrant conside ratiori as a prospective injection

g reservoir.

The zone of higher permeability noted in the core analyses from

I 11, 265 to 11, 300 should be carefully analyzed and any other zones showing

i similar log characteristics should be carefully investigated. Though the

average permeability is only 1. 7 millidarcies, the nature of this material

- can be prospective of an injection reservoir if sufficient thickness exists.

Due to the widespread indications of possible fracturing, the

entire Fountain formation warrants analysis for injection reservoir prulpects,

I but these two zones specifically mentioned should be given special attention.

Pre-Fountain Regolith

The pre-Fountain Regolith encountered between 11. 800 feet and

I II, 185 feet in the Arsenal well is not believed to have prospects as an

injection reservoir due to the predominantly shaly nature of the sediments.

I
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Ordovician? Cambrian?

In the 55 foot intervtJ of Ordovician? Cambriaa? sediments

encountered between 11, 895 to 11, 950 feaet there As on 15-foot section of

conglomerate and one 10-foot section of dolomste.

Aside from the logs there are no other interpretative data fo this

interval. A qualitative interpretation of the logs shows sufficient favorable

indications to warrant a detailed analysis of these two units.

Pre -Cambrian

IThe pre-Cambrian rocks were drilled from 11, 950 feet to the total

depth of the hole at 12, 045 feet. The upper 20 feet are a weathered schist

aad the remainder of the hole drilled in a fractured granite hornblende

I gneiss containing pegmatite intrusions.

One core in the pre-Cambrian rocks recovered seven feet of the 9

feet cut. No permeability and porosity determinations were made from this

core. After cutting this core, lost circulation was experienced.

The final liner was set to 11,.975 f',et leaving the pre-Cambrian

interval from 1,. 975 to 12, 045 feet open. Prelimnmary injection testing

showed the zone to be capable of initially accepting desired volumes of

fluid within the pressure limitations imposed.

I
I
I
I
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.1 CURSORY CONSIDERATIONS
FOR INJFCTION WELL OPERATIONS

The final phase of the construction of the disposal well was the

physical completion an, preliminary injection testing. Indications were

I that the open-hole interval was capable of accepting 400 to 800 gallons of

water per minute with a corresponding surface pressure less than 2, 000

psig. The durat-on of this capability has not yet been established.

STIMULATION

In the event that the disposal reservoir currently exposed to the

wellbore stops accepting commercial quantities of waste water within the

I stipulated pressure limitations, two possibilities are present. First, if

the storage capacity of this reservoir has been reached, another reservoir

must be exposed by recompletion. Second, if the reservoir has not reach-

I ed its storage capacity but has a flow impediment in the vicinity of the

wellbore, remedial permeability repairs may be warranted. Among the

possible repair methods are;

1. Acidiztng - This approach could remove the impediment
if the material causing the restriction is acid soluble.

2. Hydraulic Fracturing - This solution would create new
channels of permeability and prop them open with suit-
able propping agents introduced in the fracture creating

. I fluid.

* 3. Surfactant Treatments - This mechanism is to reduce
surface tension values and thereby change wetting
characteristics. Relative permeability or the ability
to flow through a porous media is affected by the
preferential wetting characteristics of the material.
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'4. Backwaahing - This system induces the well to r*sw
by release of surface back pressure. If the reservoir

pressure is insufficient to cause flow to the surface,
the well may have 1o be vwabbcd or purnped to clean
the sand face,

5. Additional methods are available for stimulation treat-
ments but are considerably more specialized in their
applications.

An investigation of such items as pressure behavior, fluid compo-

sition, matrix rock characteristics, nature of the impediment, etc. , is

required to recommend the type and method of stimulation for the inalividual

zone or zones to be treated.

FLUID COMPATIBILITIES

The large volume of fluid to be disposed of at the Rocky Mountain

i Arsenal prohibits complete chemical treatment due to economic consider-

ations. The displacement of any undesirable flaid or matrix reaction pre-

I cipitates from the immediate vicinity of the wellbore minimizes derog-

atory effects. For this reason a "buffer" water spearhead is injected to

keep separated the natural formation connate waters and the injected waste

fluids. This separation is effected until the connate wate,'., have been dis-

l placed some 100 feet from the wellbore,

RESERVOIR EQUILIBRIUM

I In addtion to compatibility considerations, the injected water should

have innate stability at reservoir conditions of temperature and pressure.

In addition, the water must be relatively inhert to the reservoir matrix rock.

!
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CORROSION

Two corrosion possibilities exist with injection or producing wells.

First there is the possibility of external attack and second the possibility 4
of intarnal attack.

I External

The action of ground waters and other sources of possible external

corrosion should be minimized at the disposal well because of the complete

isolation of the casing from the borehole by the cement sheath. Because

of the cost involved in the disposal well, reliance on this sheath alone

would not be good operating procedure. Periodic potentiometer surveys

and possibly cathodic protection would be warranted. An evaluation of the

severity of the proLlem should be made prior to the initiation of remedial

steps.

I Internal

The problem of internal corrosion should also be ch~c-ed for|
severity prior to the initiation of extensive remedial steps, As a general

point of interest, it is not recommended that the tubing be plastic coated,

mainly because removal of the plastic coating by decomposition, erosion.

abrasion from wireline tools, etc.. could r--sult in the deposition of plastic

I ?articles on the rock face. In addition, if a complete surface covering of

plastic is not affected, there will be points of corrosive concentration

which may lead to tubing failure.I
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There should be no difficulty in inhibiting attack, if it should occur,

by the use of appropriate chemical inhibitors. n inhibitor should be

selected which will not decompose into a viscous material that could plug

j the rock face.

The recommendations regarding corrosion are summarized as

l w1. T1 he injection string should not be plastic coated.

2. Surface equipment should be inspected at regular
intervals to determine if internal attack is occurring.
Consideration should be given to a test length of pipe
especiaily installed for internal corrosion inspection

I purposes.

3. A caliper survey should be run in the injection rubing

so that the extent of damage may be determined.
Results of this survey will indicate if inhibitor in-

jection shoulti be commenced.

4. The possible use ef coupons should be investigated.
These are small pieces of metal placed in the flow

I stream which may be removed periodically to exarnine
the extent of corrosion.

MIGRATION OF INJECTED FLUIDS

After a fluid has been discharged from a wellbore, Zwo possibili-

ties exist for its vertical migration:

1. Around the mechanical installation, and

2. Within the reservoirs themselves.

Indications from the cementation operations and from the subse-

quent testing are that the mechanical installation at the Rocky Mountain

i P.116-
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Arsenal is sound, Vertical communication, therefore. if it were present,

I would probably be within the reservoirs, This possibility is minimized

because of the massive shale bodies overlying the injection horizons thus

J' providing natural segregation.

SI PLANT OPERATION

The existing surface facilities will be employed in the reservoir

evaluation injection tests. The precent installation has four triplex pumps

I capable of delivering 400 gallons per minute at 2,000 pounds surface pres-

sure. Combinations of these pumps will provide variable rates and con-

sequently. variable pressures conducive to reservoir evaluation techniques.

I In s.ibsequent operation of the disposal well plant, three parameters

arc of extreme importance from a reservoir analysis standpoint. They are

time, volume, and pressure.

Volume reccrlliag: will give directly the accumulative capacity of

the reservoir. The tinie notation will permit a volume per unit time, thus

the rate of injectiori. The rate-pressure relationship is the criteria for

reservoir behavior prognostication.

- A careful day-to-day record of surface pressures, rates of in-

jection, cumulative volumes injected and other pertinent observations by

I the field personnel would provide a firm basis for reservoir performance

S I evaluation, possible stimulation requirements and analytical operating

efficiencies.

I
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FIGURE 5
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R isSie Footage Hours Hour
67 RM2 7/8" 19 W7R
68 Ro2DJ 7/8" 20 OWR 12 1/4" 3 20o' 46.2 43.9

069 R21j 7/8" 21 W7R 11" 62.2 8711 710.6 12.2
... 70 W e718 3 W 6 3 /4' 145 665 139.5 4.8

... 9' 23 w7R
72 w "7 24 w7 R "8.

W7R25 T226."17 1/4" 2 1892 34.2 55.6
.. .. . ... W? 27 W711 178 520 138.0 3.8

' 6 ? R 27 I7 6 3/4" 0.5 14.6 6.7 21.8

77 W7IR 29 C2 81A8" COR

?a W7R 30 OWC 8 9/16" 1 18 9.5 1.9?9 W7 31 14/- 7 13/16m 2 282 130.2 2.2
80 O C 32 W7R e 11/16" 3 142 51.2 2.8
81 W7R 33 W7R Dim, Pown Basket 6 - -

83 OWC LEGENDSW7R 36 VS010 DRILUNG CURVES

85 W7R 37 OSC10 Overall Dilling Progress Curve
86 WI 38 OSCia Net Dring Progress Curve: (Inaudes

__ . 87 W7R 39 yyj.
88 W7LJ 8?8* 403 OW mal trips, connections, drift surveys,89 3/ " 41, OT2 mixing, i. a. related to normal driging

* 90 W7J 3/8" 42 WM .. Rotating Progress curve

. 92 W7 2C
93 .. R 3/8" 45 Wmm Red Arrow: Highlights buzard
5. - 318 4 * Lost Circulation Occurence Including

S 96 RD-1J 3/8" 48 W Spo Lost Cculation, Cem48 Plu

" 97 Io-1J 3/8" 49 W7R V ClIanout Difficulties-Trio In
9 W- 3/8" 30 R A Tight Hole-Puling Out

'._.__ _ 5 DRILLING NTS

S Note:t 9-11" bitse) condition hole. RR-Reru a 0s
drill on un c, resm bridgoea and Rm-Roaming Bts for Core Hole

1-6 3/41" bit vood to drill Junk. -Diamond Drilling

- mod Coiing

DRILLING ANALYSIS SERVIC

C A, Johnson Bld., Donny,, C

uiM!tig
__flu__ Z__ _ __ _



CONTRACTOR ...... ¢HPAX -.Y. DASCO Chart-.__.. J - -Rig Q[ l RgN.7OPERATO RLAji#A X.-ORE-l -3TMXXS
RIG DESCRIPTION I No. PRTRJIuj[.

L~rk&OT_1d Q5&_=_ MastLL "_aMA -Ji2a! WELL- Rock )tn aAaLDs~paa3.j4__
12 , Drill Engines_3 - -Ca -p 11,r , nr. :7 S c2,2SA6, Contious HP Ratu .)+ 5. R S*d Opraod LOC Sec26T.Z _R

Mud Pump Engine--= ....... Spot Loc, ,
Continuous HP RWing_ _.r ___RPM

Mud Pumps (1"an.l- 2JJLz__.A6IX5- . . LC %± SW.....

Drill Pipe _4-.. ._ _ 46..6fToolJoin. TIME AMAL S
Drill Col,_rSSt.d x _3 _ Z' n, . , From Spud Date to Total Depth

Kelly~Ji~..x.J~Q -Standpipe _4._i2_" x- ' -55___________
Swivel-latiinal R3.3k1.Ir~:.~$'- tcmns; Days elo
W ATER SOURCE.__ ............ .......... .- Drilling on bottom 3?.4 20.2

BIT SUMMAR4Y Coring on bottom "A.
iN Footage No. Fee/ Fl O (1) Rotating progress 49.5 26.7

Hours Hour lWt lot/ld (Perceni of Net Orb, 4i44)
Drill trips, rig service, etc. 1 . 9.712 1/4" 3 2030 46.2 43.9 677 15.4 Core trips, rmg. hole, etc. .I11 62.2 8711 710.6 12.2 140 11.4(

6 3/4 14.5 665 139.5 4.8 46 9.6 (2 Net Drilling progress 95.8 51.8
MRchenical downtime 6.3 3.424, 1 138 4.0 34.5 138 4.0 Cond hoilo C N4w,_ 31.5 17.017 1/4" 2 1892 34.2 55.6 946 17.1 Orc. samples, wa ,orders 2.7 1.511" 17.8 520 138.0 3.8 29 7.7 Drill stem lest t 14) 13.6 7.46 3/4" 0.5 146 6.? 21.8 292 13.4 Surveys&-_...l"u i- 4.1 2.2

8I= ="9 Fishing- 8.9 4.88 7/8" 1 9 1  Rig up on spud date 0.2 0.18 9/16" 1 18 9.5 1.9 - - Casing: ream, run, WOC, test 18.2 9.87 13/16" 2 282 130.2 2.2 - - -Bown Ra nkat FRta t y-y . . 2.4 1.36 11/16" 3 142 51.2 2.8 - - SpinanM Y SuryM _ 0.7 0.4
P a . o w n B s k e t 6 -. - ! - 6

(3) Overall time to T. D. 185.0 100.0DRILUNG CURVES Operations After Rea Tn. T.Overall Drilling Progreu Curve a..r,ndl -E-1 , t C4,.e -- US x Mud 5.3Nt Drilling Progress Curve: (Indludes only time on bottom, nor -' . 4 . ±. u d ,.8

mal trips, connectios, drift surveys, rig service, normal mud -" A g -1 0.-mixi g, i. e. related to normal drilling progress.) _JA W 6-- 0ifi ---t_ 0._

...... Rotating Progr ess Curve .. . te 1.6
Cring 1 C69g

I---4 Dimond~ fmru-ng n* -3.3Red Arrow Highlights hazards 
... 1

Lost Circulation Occurence Induding mixing L C. mud Total Tmw Alier T. D, 17.3
# Spot Lost Circulation, Cement Plug MUD... .. ll
V Cleanout Difficulties-Trip In Lbi4Dy Q.w*
A Tigt Hole-Pulling Out AId ve (HUNMTROS) (Lbo.j.) o

DRILLNG BTS CAUPER LOG itn n .t..... 30.2 558,0O0 l.be. 46.3RR-Rerun Nits I" 1_ _ _ 6.0 111,700 lb.. 9.3Rm-Roaming Bits for Core Hole Hole enlargemeri a - .. . .... 7. 7 141,900 lbe. 11.8
Greater than 1'/3 Raid 7.1 132,100 lba. 11.0-Na mond Drilling ,,mel bf Wez Q-.......... 3.7 68,150 lbst. 5.7

-D moil Corina ..... . . 3.6 65,700 lb.. 5.5

F iLINGANALSIS I,............ 1.6 29,050 lbs' 2.4_ _ _ __ a't'e -- 0.3 5,800 lb . 0.5
DRILLING ANALYSIS SERVICE CO. 0.8 14,800 lb. 1.2JtarJ_0.8 14, 100 lbs. 1 .2

K cpriawh C A Johnson Bldg., Denver, Colorado Starc .- MAA=&iX€ k 0.8 14,600 lbo. 1.2September, 101 . aas,, . _- 0.2 4,600 ibs. 0.4

10 .01 1)50 lbs. 01

I01 2,300 lb., 0.2



M~ 33 1.

M 32 It -i.

Ab ti 6-7

A.. r--r- -.

-5 7.0 5mx lEO

M 7 .1 510 I1cm t--

407.7 5(0 15C
jL g* 45 0 I5J r ieOa 15

,.11 7.2 260 Igo ~ ----



MII~

U W. .I..:I

3t-

1I ARAI

-F OW.

I I

.1 UI I I

TaTA DITI *1 1 I
I dc

.. A to ?o 25
ill LS.. b7



I I61 WI'1
62 W?

66 wr7R
67 iFB2J

?0 R02pi
7t W7

A77 W7R

I ISi8 
W7R

S2 W7R

8L4 W7R

_ ~86W7R
87 W7R
88 W7RJ

-4-- ~ w7RJ
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Ii I drill o
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• - .... £&Uu,, .QLD. ±'..±,,. 4 l 42i_ '. ,'" I k items.
14 O WATER SOURCE-............ ... . Drillino on botio

"1 15 ML.MMAE Coring on I6otto4
5 W7 1? - K2P No. foohge No F-*i1 feeit H: oi () Rotating
.6 WR 18 WIN s iti Ho.ws Hour Wi lotlto (Pvcenl P

7 P .2BJ 7/8m 19 WP' 1t Drill trips, rig so,
RO2Mh 7/" 20 W7R 12 1/J" 3 2M30 4k? 43.ij &l 15.4 Core trips, rng.

j 7 /8 11 21 C V' it, 62.2 8711 710.( 17.2 14, 11 4 (2) N ot Drilli
0 I 7/8 m 22 W . 6 /4 -" 1.5 65 139.5 11 8 4 9.6 Maldowi

I 2 , Cotd. holW7-T23
I2 W,2 4 1 138 4.0 j4.5 1381 4.0 CndhI.sa

25 T2 17 1/4P 2 1892 34.2 55.6 946 17.1 Circ. samp4s ew

26 .I 178 520 138.0 3.8 7s
W7H 27 W? 6 3/4" 0.5 146 6.7 21.8 1 3.4 Surveys' .s. I

W7P 28 IMPL isig -
27R 29 C2 8 7/8" 3 19 I T77. Rig up on spud

M 30 owr 8 9/1(" 1 9. *Fig; foam, -

M 7 13!i6 2 282 V'ci.2 2.7 - -.

Ow;32 W71K 6 11/16M. '1 142 51.2 2
W1 7 33 W7R Din. Pawn asket A .
W7R 34 ow (3) Overall ti3 W C 35 V-C! DILU NG CURVES (:N w
6 WR -i7 c Cio Dft1L C Ov ral L ,)rling Prores Curv e

5 W-fR 37 OSC110
6 W7 38 O5CIO Net Driging Progress Curve. (Inju4e only time on botiom, nor.

w7RJ 39 mal trips, ,:oiedions, drift surveyi, rig servyce, norrmliinUd md . .

93/5 40 W mixing, i. t. related to ruwmal dilling progress.) ..o

a 474 3/8" 42 W7? . . . . . .Rotaling Pro~tesu Curve 14AliM
I 473 43 W7K Cardnq AgAS
2 lW.M4 2C ,af-w.4 r ioing__

W 7Rj 3/8" 145 WR R d Arrow: Hi4igNI harerd

4 w7K 14 W7R 0 Lost Circulaion Occufonce Iluding mixinig L C-o Yiw ot. Twl Ahwe
6 W7iJ 3/8" 48 W7 Spl4 Loss Clatio n, Ccmmn Plug

7 RD-IJ 3/8" 49 'R V Cleanout Difficutis-Trip In

5 X-IJ 3/8" 50 W7R A TigM Hole-Puling Out ,Adlv.

.51 - _______LUNG 4TS CAUPER LOG

t, 9-1i" bits ) con.tion hole, RR-RerB.ill -Zwhis

drill on Nne, ra"a bridges and RIm-Roaming s for Core Hole Hole Iengrgrmier JjMA ....

drilling, cont. Cealer I14n 11A

1-6 3/4" bit used to drill junk. N-mond Drilling
311~C* -Dimond Dulling-la

DRILLING ANALYSIS SERVICE CO. _

1 C A. Johm Bldg., Denver, Colorsdo ,ae y

7Eli w reP-1 ~. , I .

". .tiIll! . t_"";..'II .-1i---*--i1rl -;;.

-- t4. . ": - ., . -... . .. -±ra ei-,t-.! i , ja ef'; lea,,

ON. VLA ()AM OL

-II
,,'



SORC! Drilling on btooom7. 2012

OJT 5UMM~kY Coring on ofoi
No. o~zu No Fool/ FSel! Hit oil (I) Rotating Wugr& 49,5 26.7
114~ Is l~ Hows cuiB4i (pgrC." of ANet pg

42 .2 83711 710.( 12.2 1.40 (2t 4o rIi rr~
41p 14. 65 119.5 (L 8 4, :

4- 192 34.2 356 t44A 17. Cire . ssmpoSW.fkd~f 2

1 1.91, TOO 3 1. - - Rig lip Oil splid dJ~tt 0.2 .
1 18 9* .9 -o C&0in. j'ejtn r.u' zO r* . A

tr.Q(3) Ovorol firie to T. D£85.0 i±0l.0

0"rap Lw~1,zg Prji6i cuiviii~

Ne1 Dnig Progroei Curve-01cusol time on 1bLo4.Mmu W.ud

-rAl trips. comnectionI, drihi surveys, rig service, n~ormal pid 07
miig .o. related to normal d4nqa pwogres&)

Wof.Rv~ing Pfoges Curve_ 1A~ pta.- .6

.m3O Rw4 Arrow: Hiog #j~ heaerds
I o Circulaton Ocwrrics h'cludirig m&ing L. C. ivj TWtWOTh Ahsr T. D.
0 Spa* too~ (7*4tion, Cement Plug

Clearout D~iuftia-Trip In LW~ qww L6L^

ING BITS CAUPMJ LOG I vhnUA~-'--.. j0. 558oO0 .b. 46.3
RR-Rerwn P~s d"44. 6.0 111,700 lbis. 9.3

Rm-Aiii~ri PsI .,of. Cor Ho*:9 - 'L-- 7.7 141,900 11m. 11.8
Rmta ,~ g is fi ( r o.i O irs 6, w v A & iA - -- . .. 7.1 132, 100 lb.. 11.0

-Dmw Cok .lim - -.-- -- 3.6 65,700 Ibf . 5.;
-1.6 2,00lba. 2 .4

___________________________________.Ca1a±io..~.~~- -03 5,500 lbs. Q.5

DRILLING ANALYSIS SERVICE CO, 0.8 14, Mo lb.. 1.?

C A. Johnion SBdg., Denver, Coloradl &an TrA"A~m 0.8 14.60k) 1bP. 1.2
September, 19P61 0.2 4,6o0 lbs. 0.

0_ .1 1,500 lba. 0.

U _______________0. 2,300 lb, 0.2

Z z- 440 lbe. -
- 165 lb.

. ,kk~.±ex. -- 2.5 46,500 lb..- 3.9
ratnaa 1h3Lm-. 1.2 22,000 lbs. i.e

1114111.8 13,750 lbo. 2.8
W. -,I&) It, A 0.6 11.050 Ibis. 0.9

1a 'Z15r 0.3 6,350 lb*. 0.5
J~iPA1JX- -. 0.1 .1j250 lbis. 0.1L

RIG ;YIA~ 4 AI a,- 69. 7 1.289,555 Tlb 7.1



______FIUR 7 _ ___ _1CASING ANDHOLEDETAILS FGR
PRESSURE INJECTION DISPOSAL WELL

ROCKY MOUNTAIN ARSENAL
SECTION 26, T2S-R67W

ADAMS COUNTY, COLORADO. LT KlyBsigt
KS KSGround Level- 15.30 ft.

._-24* Hole
135' 20'9 94 Ib/ft. J55cs .Baker shoe cemented with 180 sacks ofL Regular ideal, 2 icc- 4 join ts and shoe welIded.

FoxHils 2 0'___ol

Pierre Shale 1480- l3/' 5~b/ft, J55 csg. Baker guideshae and 2 joints weldcd.
2020' Cenmented with 1450 sacks of Regular Ideal, 2 %/c c

3 centralizers,

40'6 perforations (Lone wells)
4507'-Second stage collar ofl 8'csg. Holliburton "DV" Tool.

3rd tag ceentd wih 220 ock of50-50 Pozmix, 6%/
Bentonite. No rcstarder.

Hygiene Zone 54

I 68741.8Lottomn of 85/, 40 lb/It , N8O,extreme line csg., a top of the -

1 1, ~ 81;, 401b/ft,NBO, 8API seamless LTC csg. XI J
Greenhorn Ls - - 6.1j71
Graneros Shot. - 84*5'IJ JSd 2 cores,-- -848%'
Dakota Sd.- --- __.

I DS~ore s am ,8911' Top of the 8%", 44 lb/ft., N80, BAPI, seamless LTCcsg.

Mor sn- 87 ~8966' First stage callar on B~csg Hotlibur ton 'DV Tool. Second stageMorrion-' 72'cemented with 2550 sceks of 50-50 PozmI, ,6% Bentonite,
Lykins - - - 0.4 t/oRetarder, 2 centralizers

8994' Bottom ot 5 12 ,23 lb/ft, extreme line, N 80 tubing Stop of stinger
89913' Baker Model"D" No. 3665, 127-38 DCM, Retainer production

packr 310"long, wire line set.
4 L~ttor ofstinger.

Lyons, 8 1 4 21

Fountain, 13 cores 9.

I1I007' Boash Ross e , 38-4 4"x 5/2", 2 3 XI ine sto ndarad duty plin

4,6? -' liner hangcir, with swivel sutb,sersoi No S 5i406

11, 17 1' 8%11,44 lb/It, N80, 8API, seamless LTC csg. Halliburton Super
Seal f loat shoe. First stage cemented with 1030 sacks of140 Pazpilx A, 0.5 % l4R4 and 410 sacks ot Gilsonite
140 Pumix, 0 50/ HR4 - 3 centralizers

Regal ith,l core. -- _4 Hole
?Ordovicion I DST -PCambrian~. ___ -II97' 23 tb/ft., N80, extremp line csg. Baker f loat shoe cemented

core (with 250 socics of Poiniii 140 A , 0.5 %/oHR4, 10 cenfrolizeni
lODST

T. .12.045'- 6) " Open h ol

5E A PolurnbuS Jr And Assoclat-es, Inc



I FIGURE 8

- ,3O0001*Gouge

'/Z Needle Valve

-6" Ses9C0x21

4" X4' - Threaded (3ate Valve

Series 900

Gate Valve 4' Series900

I' jrygf.i Gate Valve

k 10" lx 6'Serie s 900

1 S~Aap ere 0Flne

Irtn 2" 'Serifrf , (500e 9la0ge

2 Seies"Pl GaeVav

I~: Sei 9O 003/ 00 T

I20Threaded

I He 3IQ 'q 46V'de Platod d
I1 - 4y 1 _________ ~'___C20saing

H e a d S i n
14 We.:e P lr

I WELL HEAD INSTALLATION
300')' PSI WP Mt *1 *

A 6000# '~I A POL.IWBaLS JP AND A4S5C-&IES, -MC



j FIGURE 9

I
BOWEN JUNK BASKET

I

I
I

I
- TOP SUB

K- BARREL

I N

KI p
I I CATCHERS

I - TYPE "A" SHOE

OPTIONAL

MAGNET
INSERT

TYPE "C' SHOE

I

I •~~~ A 1POLUiMEIU I JM A NC': ASUC'T L INC
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GRAPH1ICAL REPRESENTATION OF FIGURE 10

FORMATION EVALUATION DATA 6

ROCKY MOUNTAIN ARSENAL
PRESSURE INJECTION DISPOSAL WELL
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CRAPHICAL RP~mESETAT4'N OF FIGURE 10

ROCKY MOUNTAIN ARISENAL
PRESSURE INJECTION DISPOSAL WELL

I I k,,l,* I I
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GRAPHICAL REPRIFr41'ION OF FI ~ GURE IQ.
FORMATION EVALUATION DATA ~,'~.

ROCKY MOUNTAIN ARSENAL
PRERSURE INJECTION DISPOSAL WELL
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BI 1110 Wt a&

4.7 . 1.L-1-S En.. I ".:"L oo, 6

144
'S~~7 

1 

11t

*~oyI IN,. . * 7.. . * eI

5'4 ti

---.4
I...s

I ~~~ 1. 1.
1730.1 v II

f A P*j~uWuSS jk AtoO A66O0iT*EV.



GRAPICAL REPRESENTATION Cle F fn o.FORMATION EVALUATION DATA ~*
ROCKY MOUNTAIN ARSENAL

PRESSURE INJECTION DISPOSAL WELL
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GRAPHICAL. PrERESJNTATIOAI 01: F~IU RE
FORMATION EVALUMTiON C14IAA !

ROCKY MOUNTAIN4 Ar~bNAL
PRESSUJRE INJEGTID~N DIPOAL WCLL
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ORAPHICAL "ntP~RESETATiON. OF FIGURE to.FORMATION EVALUATION DATA 
'''Oi*00

ROCKY MOUNTAIN AR81ENAL
PRESSURE INJECTION DISPOSAL WELL
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OR'APVCA, REPREENTATLItU OFF
FORMATION EVALUATION DATA

ROCKY MOUNTAIN A9,19NAL
PRESS8URE INJECTION DIGPOGAL YIELL
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12PAPICAL nP aTAI OF P1 UR 1.

FORMTIONEVALUATION DATA ~. )~04

ROCKY MOUNTAIN ARSENAL
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FtGURE fO

F004ATION EVALUATION DATA , ,"* ,:,)
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FORM11AIO FPl~ALNV IGURE VFORMTIONEVALUATION DATA .a',to
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GIRAPHIGAL REPRESENTATION OF FiGURE 10,
FORMATION EVALUATION DATA 10 .4

ROCKY NOUNTAIN ARSENdAL
PRESSURE INJEQTION DISP08AL WE L
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I ~ ~~ROCKY MOUNTAIN ARSENALFgueI
PRESSURE INJECTIOIN DISPOSAL WELLJ CASING DETAILS
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I Figure 12
ROCKY MOUNTAIN ARSENALI PRESSURE INJECTION DISPOSAL WELL1 ~ Schematic Diagram ol Typical Three-Stage Cementing Operation
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IFIGURE 13

j SPECIAL SUBSURFACE EQUIPMENT
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Table II

STRATIGRAP-IC SECTION
ROCKY MOUNTAIN ARSENAL

PRESSUKE INJECTION DISPOSAL WELL
SECTION 26 T25 - RJ7W

ADAMS COUNTY, COLORADO
I ELEVATION KB 5,203'

Below Sea Level
Kelly BulhLng Datumi

Tertiary, Tertiary-Cretaceous Surface to 460'

Cretaceous
Laramie 460' 44, 743'
Fox Hills 1,250' + 3,953,
Pierre Shale 1,480' -3, 723'
Hygiene Zone 5.448' . 245,
Niobrara 7,710' -2,507'
Codell Sand Absent
Carlile Shale 8,0781 -Z,875'
Greenhorn Limestone 8,120' -2,917'
Graneros Shale 8, 345' -3, 142'
"J" Sand 8,485' -3,282'
"Dakota" Sand 8,633' -3,430'
"Lakota" Sand 8, 730' -3, 5Z7'

Jurassic

Morrison Formation 8,786' -3,583'

I Triassic

Lykins Formation 8.972' -3,769'

Pe rmian

I Lyons Formation 9, 582' -1, 379'

Pennsylvanian

Fountain Formation 9, 772' -4, 59'
Regollth 11,880' -b 677'

-Cambrian? Ordovlcian? 11,895' -6,69Z'

Pro -Cambrian 11,950' .6, 747'

TOTAL DEPTH 12,0451 -6,84z'



Table 2 Pq, I

j CORU DESCRIPTIONS
ROCKY MOUNTAIN ARSLNAL

PRESSURU INJECTION DISPOSAL WULLL
SECIION 26, TZS - R67N

AVAMS COUNTY, COLORADO

Core 01 ("" Sandstone) 8502-8529 Cut 27' Rec. 27'.

I 5' Sandstone. very shaly, dark grey, fine grained. Carbonaceous
streaks and material disseminated throughout, tight, oil odor,
very weak fluorescence and cut

3 1/' Sandstone, fine, grey with streaks of buff, quartaitic, vertically

fractured, streaks of oil stain, faint odor, fluorescence and cut.

It Shale, black, hard.

I 5 1/2' Sandstone, fine, grey with streaks of buff, quartzitic, vertically
fractured, streaks of oil stain, faint odor, fluorescence and cut.

21 Sandstone, fine, light grey, quartzitic, no stain, no odor, no
fluorescence.

1 1/2' Shale, black, thin bedded, poker chips.

1 1/2' Sandstone, fine, medium grey, quartzitic, no stain, no odor,
no fluorescence.

1/4' Sandstone, fine, dark grey, very shaly, with carbonaceous
material disseminated throughout, oil odor, scattered stain,
scattered fluorescence, and weak cut.

1 1/4' Sandstone, fine, medium grey, quartzite, no stain, no odor,
no fluorescence.

I l/Z' Sandstone, fine, dark grey, very shaly, with carbonaceous
material disseminated throughout, oil odor, scattered stain,
very weak fluorescence.

Core #2 ("" Sandstone) 8531-8566 Cut 35', Rec. 35'.

I 35 Reworked sandstone and shale.

I-I

'I I A . I



Table 2 Pg. 2

j Core 03 (Dakota-Lakota Group) 8637-8670' 1' and Rec. 34',

12' Sandstone, fine grained, grey. ( zi .c, Alightly pyritic.
with shale breaks 1/16" thick eves ict 6". No ehow of
hydrocarbon

I '/~ Shale, black.

1 ' hale, black, interbedded with sand, fine grained. Quartritic,
1/16, to I" thick.

I I' SLale, black, with sandstone pods.

3' Shale, black, interbedded with sandstone, grey, quartzitic
I 1/16" to 1" thick.

I' Shale, black.

2' Shale, black with sandstone pod inclusions.

1 7' Shale, black, fissle.

Core 04 (Dakota-Lakota Group) 8673-8685' Cored IZ' Rec. 10'.

10' Sandstone, fine, medium grey, quartzitic. No shows of hydro-
carbon.

I Core #5 (Dakota-Lakota Group) 8688-86941 Cut and Rec. 6'.

1 1/2' Shale, black.

2' Sandstone, fine grained, dark grey shale cement. Salt and
pepper carbonaceous material disseminated throughout,
quartzltic.

j 1/2' Shale, black.

3' Sandstone, fine grained, dark grey shale cement. Salt and
pepper carbonaceous material disseminated throughout,
quartzitic and pyritic.

L
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Table 2 Pg. 3

I I Core #6 (Lyone Sandstone) 9597-9607 No~ recovery.
Core #7 (Lyons Sandstone) 9609-9632 Cut and Rec. 23',

Z3' Sandstone, fine grained, orange to light red, very quartzitic,
highly fractured, no shows.

Core #8 (Lyons Sandstone) 9656-9665 Cut 9' and Rec. 9'.

9' Sandstone, fine grained, orange to dark red, Quartisitic, red
9 shale laminae 1/64" or lose thick. Separates 1/2" - 1 1/2",

sandstone intervals throughout core. Fractures from 9665-
966S 1/2, 9668-9669, 9670 1/2-9672.

I Core #9 (Lyons Sandstone) 9669-9674 Cut 5 t, Rec. 5'.
51 Sandstone, fine grained, orange, quartzitic, one hairline fractureI and one open fracture exhibited along face of the core.

Depth correction 9681 : 9674

I Core 010 (Lyons Sandstone) 9676-9678 Cut 2', Rec. 1 1/2'.
1 1/2t Sandstone, fine grained, orange, quarteltic, one hairline fracturej and one open fracture exhibited along face of the core.

Core #11 (Lyons Sandstone) 9681-9698 Cut 17', Rec. 16 1/2

I 16 1/2' Sandstone, fine grained, orange, quartzitic, red shale laminae
1/64" or less in thickness separating sandstone bedding from
/Z" to 1 1/2" thick. Open fracture in top 1 1/Z. Hairikaefractures from 1/4" to 1" long throughout core.

I Core#12 (Lyone Sandstone) 9698-9707 Cut and Rec. 90.
9' Sandstone, fine grained, very silty, quartzitic, 1/2" red shaie

at 9699 3/4".
Bedding: Horizontal bedding 9698-9698 1/2

100 dip in bedding 9698 1/2-9707
Fractures: 9698 - 9699 Closed Fracture

9699 - 9701 No Fracture
9701 - 9701.5 Open Fracture
9701.5 - 9702.5 No Fracture
9702.5 - 9703.5 Closed Fracture
9703.5 - 9703.75 Nc Fracture
9703. 75 - 9702 Open Fracture

E A PUt LIM4 lJ. JA A N A".-"I %1r NI:



Table 2 Pg-. 4

I Core 113 (Lyons Sandstone) 9707-9727 Cut and Roc. Z0'.

20' Sandstone, (Lne grained, very silty, quartzitic, abundant
mazoon shale partings 9717.8-9718. 2'. Dark maroon shale
very silty 9726.5-9726.6. 9721. 2-9727 interval of core
contains ultra silty fins grained sandstone, quartxitic.

Bedding: Horizontal bedding 9707 - 9718. 1
100dip in bedding 9718. 1 - 972Z. 5
Horixontal bedding 9722. 5 - 9727

Fractures: 9708 - 9708.5 Open Fracture
9708.5 - 9710.2 No Fractures
9710.2 - 9710.8 Open Fracture
9710.8 - 9711 Closed Fracture
9711 - 9711.5 Z Open Fracture*
9711. A - 9712, 5 Closed Fracture
9712.5 - 9718.5 No Fractures
9718.5 - 9719.5 Closed Fracture
9719.5 - 9721.5 Open Fracture
9721.5 - 9721.7 Closed Fracture
9723.9 - 9724.1 Open Fracture
9724.1 - 9724.5 No Fracture
9724.5 - 9724.7 1 Open and I Closed Fracture
9724.7 - 9725 No Fracture
9725 - 9725.5 Open Fracture

i Cor'e 14 (Fountain Formation) 9892-9935 Cut 43' Rec. 35 1/2'

2 1/2' Slltstone, red, shaly, q.rtzitic.

1 1 1/2' Shale, maroon, with red siltstone laminae.

I I0 Siltstone, red, quartzitic.

6' Sandstone, red, fine grain, quartzitic.

I 1/2' Shale maroon.

I 3' Siltstone, red, quartzitic.

1' Shale, maroon, silty.

1 9 1/2' Siltetone, red, quartzitic

j 1 1/2' Shale, maroon & siltstone bottom 3' gray dolomite.

Open k closed fractures throughout core. fracture surface contain microscopic

calcite fill. 9915 contained 2 calcite inclusons 1/2 thick.

E A POLUMMUS JR AND A BOCIA TES INr



Table 2 Pg. 5

Core W1 (Fountain) 10, 121-10, 158 Cut 37' .ec. 36'.

61 Siltston grading to sandstone, fLine grained, red, hard,
quartsitic, trace of feldspar.

2' Siltatone grading to sandstone, fine grained, red, hard,
quartsltic, trace of feldspar with few calcite inclusions.

1' Sltitone grading to sandstone, fine grained, red, hard,

quartsltic, trace of feldspar with numerous calcite inclusions.
3' SUtstones with trace fine grained sandstone, red, hard,

quartsitic, abundant feldspar.

1/2' Siltstone with trace fine grained sandstone, red, hard,
quartsitic, abuncant feldspar and few thin laminae of black
carbonaceous material.

1 1/2# Sandstone, fine grained, red, hard, abundant feldspar.

3' Sandstone, fine grained with siltstone, red, hard, quartzitic,
some feldspar.

3' Sandstone, fine grained with siltstone, red, hard, quartaitic,
abundant feldspar.

81 Sandstone, fine grained with slltetone, red, hard, quartzitic,
some feldspar, some calcite on fracture planes.

4' Sandstone fine grained, red, hard, quartzitic, some feldspar.

4' Sandstone fine grained, red, hard, quartuitic, abundant feldspar.

Vertical fracture observed in the following intervals: 10, 127-10, 132; 10, 137-
10, 138; 10, 140-10, 156.

Bedding is horizontal except as follows:

10, 121 1/2-10, 123 10 0
10, 123 1/2-10, 124 10-15o
10, 133 1/2-10, 135 20 0

Core E16 (Fountalm) 10, 317-10, 32I Cut 4' Rec. 2'.

2' Shale, maroon, micaceous.

r A P-LUMOL,'$ JIR AND A )(,IATI I-C.



Table 2 Pg. 6

Core l7 (Fountain) 10, 388-10,401 Rec. IZ'. -

ISandstone, greenish-white, fine grained. Highly calcareous,

hard.camewall fi~abl whoubrokrmergu~ar bedding.
Micaceous.

31 Siltaton., maroon, nticmceous with shale laminae. Slightly to
moderately calcareous with highly calcareous greenish-whit.,

i * I fine grained sandstone inclusions 1/4 to l/Z" dianmeter. Flat
3bedded, hard.

5' Sandstone, pink, Line grained, arkosic, moderately to slightly
calcareous, hard. Contains coarSe quarts and feldspar grains
randomly scattered and quarts and feldspar pebbles near the
base. Fractured vertically to near vertically. 94. 3 to 95. 7

I interval contains eight thin 'average 1/8" thick), irregiuar,
greenish-white fine grained sandstone bads, highly calcareous.

1/1. 1/2' shale bed, maroon, noncalcareous, dipping at 30 degrees,
hard.

1 /Z' Sandstone, pink, fine grained, arkosic, moderately to slightly
I calcareous, hard. Fractured vertically to near .-erticaliy.

Note: Sandstones contain much kaolinite cement.

I Fractures: 10, 391.5 - 10,392.0
10, 392.2 - 10, 397. 51 10,398.0 - 10,400.0

Core 018 (Fountain) 10, 594-10,644 Cut 50' Rec. 51'.

1 2.0' Sgltstone, very shaly with streaks of arkose, medium, pink,
calcareous.

1 0.2' Arkose, white, ine, very calcareous.

0.8' Arkose, pink, very fine grading to siltsons, very shaly, with fine
white sandstone inclusions, calcareous.

1.0' Arkose, fine to medium, very shaly, dark red, 150 dips,
Calcareoue.

4. ' Shale grading to sgltstone, dark red, very calcareous.

1.0' Shale and siltstone as next above, noncalcareous with " strep03
of green white mediurm arkose, nonclcareota.

2.0' Arkose, medium, angular, very shaly, very calcareous, dark
red, with white medium gray arkose inclusions, very calcareous.
Inclusions cut across bedding planes and they are 2-5" thick.

I i. A POt Uh4VU$ JR AND A616O. IATK9. INC



Table 2 Pg.?

1Core 018

(Continued)

i 1.A0 Are, rtd "xsd white, as next above with 3/4" thick bed of
white.

3.0' As next above. Arkas predom nantly red with white Incluions
in center portion of interval from 2"t-41 thick. Upper portion
has minute caicaroow (white) inclusion*.

3,0' Arkoe, m diu=, very shaly, calcareous, dark zed.

1.0 1 Arkose, medium, red, very shaly with 1/2-2' streaks of whiteIarkose, medium, veycalcareous.

1. 0' Shale, dark red, with streaks of white medium arkose, very

4oe aadlareous.

6.0' Siltstone very shaly, calcareous, dark red.
4.01 Arkos fine to medium% very shaly and silty, dark red, very

calcareous.

O.51 Arkose. medium, white, very calcareous, dark red.

0. 1 Shale and silttone. dark red. calcareous.

0.51 Shale and siltstone, as next above with Irregular inclusion@ of
I gray sandy llmestoe, dence

1.01 Siltatone and shale, dark red. very calcareous.

1 0.5' Limestone, gray, dense.

7.0' Shale, maroon, hard, calcareous.

1 0.5' Shale, as above, with sandstone, dark gray fiae Incluuions,
nloncalcareous.

1 3.5' Shale, maroon, noncalcareous, hard.

1.01 Shale, dark red, calcareous and gray dense limestone mixed.

1 Z.0' Siltatone and shale, dark red, hard, calcareous.

Arkose, very coarse, angular, very shaly, dark red.

I+. !' SUtstone and sale, micaceous, dark red to1 maroon with float-
ing mica and quarts grains.

i 2.0' Arkose, coarse, calcareous, angular, with streaks of siltetone,
calcareous.

I
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Table 2 P4. 8

Core #19 (Fountain) 10, 796-10, 846 Cut 50' Rec. 48'.

6.0' Shale, red, maroon, micaceous, calcaretnue,

8' Arkose, medium grained, very mlcaceous (biotite) slightly
calcareous, greenish grey.

1. 71 Arkos. as above with shale streaks, maroon, micaceous.

1, 3 Arkosle conglomerate with quartz and feldspar pebbles. Matrix
I pink. PebbLes pink, maroon, black, very shaly.

1. ' Shale, red, soft.

I 7.0' Arkose, medium grained, much biotite mica, kaolinite cement.
Two maroon shale partings 2"-4" at 10, 809.8 and 10, 811.8,
whitish pink, slightly calcareous. Streaks very coarse grained
to conglomeritic. Dip 150 cross bedded.

4.0' Maroon shale, micaceous interbedded with pinkish white arkose,Icoarse grained, minute streaks green shale. Slightly calcareous.
3.51 Maroon shale, micaceous, streaks green shale and arkose,

coarse grained, pinkish white.

2.5' Arkose, coarse grained, biotite mica, streaks shale, maroon.
(Arkose greenish white).

5 1.5' Shale, maroon, micaceous.

.5' Arkose, medium to coarse grained, abtrndant biotite mica, green-
ish white. Streaks maroon shale.

1.0' Shale, maroon, micaceous.

1. 5' Arkose, coarse grained, muscovite and biotite mica, kaolinite
cement, maroon and green shale cement.

2.0' Arkosic conglomerate, green shale and kaolinite cement,
streaks maroon shale.

2.0' Arkosic conglornexate as above with much maroon shale,

I 1.51 Arkose very coarse grained, greenish white. Mach kaolinite

and green shale cement. 0-150 dip.

2.0' Arkose as above, many laminas maroon shale.

1.0' Shale, maroon, micaceous, streaks arkose as above,

I 1.,' Arkose, coarse grained, greenish white, kaolinite cement.
150 dip.

1.0' Shale, maroon, with reddish brown limestone inclusions.

I A 1 1' J P A * iA' Y I



:1 Table Z Pg. 9

Core #19
(Continued)

k 7' Arkose, very fine to very coarse grained, greenloh white
kaolinito cement. Maroon and green shale laminae, in-
clusions brownish red limestone.

',5' Shale, maroon, very cal,:areous. IndAusions reddish brown,
dense timestone.

1.0' Shale, red, reddish brown limestone inclusions.

Fractures - Closed; 10,802.5 - 10,803.5
10,804.5 - 10, 805.0
10,807.0 - 10,812.0
10,823.5 .. 10, 824.0
10,834.0 - 10,836.0
10,838.0 - 10, 839.0I 10,839.5 - 10,840.0

Core 920 (Fountain) 11,044-11,080 Cut 36' Rec. 34'.

3.5' Shale, red, with reddish brown limestone inclusions.

.51 Lirestone, gray, dense.

1.0' Shale, red, with reddish brown limestone.

6.5' Shale, red, soft.

I 1. 5 1 Arkose, coarse, pinkish red, hard and tight, fractured.

Z.0' Shale, red, with reddish brown limestone inclusions.

2.5' Shale, red, soft.

2.0' Shale, dark red, silty.

I 4.0' Arkose, pinkish white, coarse grained, kaolinito cement.

1.5' Shale, maroon.

9.0' Shale, red, soft,

i Open Fractures 11,056-57

Close Fractures 11,065-66

F
I
I
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I, Table 2 Pg. 10

Core #21 (Fountain) 11, IZg1-1, 178 Cut 49' Rec. 48'.

Shale, dark red-purple, soft noncalcareous.
6, 7 Arses, 'adiiurn to v ry ;vamre, angular, ight maroon, contain-

Ing muscovite and biotite mica, with pebbles of quarts 1/2" in

! diameter, Very shaly with maroon shale, noncalcareous.

2.0 Arkose as next above interbedded with maroon shale, non-
calcareous.

4.6 Arkooe as desciibed above, noncalcareous.

1 .2 Shale, dark red.

5.0 Arkose, mediumn to very coarse, angular, light greenish white,
containing muscovite and biotite mica. 20% kaolinite cement
and musco%ite, light green shale cement. Many streaks of
chlorite.

3.5 Shale, dark red, soft.

2.0 Arkose, as described next above.

.5 Arkose, as described next above interbedded with red shale.

7.0 Shale, red, soft.

1 2.0 Shale, red, silty, micaceous.

4.0 Arkose, fine to very coarse, angular with pebbles of quartz 1/4
in diameter, very shaly, with green shale cement. Bottom foot

I slightly calcareous.

1.0 Shale, dark red, soft.

1 3.5 Shale, dark red, silty.

1.5 Arkose, fine, green-gray, very shaly containing biotite mica.

I 2.2 Arkose, as next above, interbedded with red shale.

1.3 Shale, red.

I 3 Arkose, as next above, hard and tight.

1.2 Shale. red.

I Closed Fractures: 11, 139 - 11, 139.5
11, 147 - 11, 148.0
11, 152 - 11, 153. 0
11, 165 - 11, 166.0

I P



Tablr 2 Pg. II

I Core 02z (Fountain) 11. 262.11, 326 Cut 64, Re. 40'.

i 0. 5 Shale, red.

2. 0 Arkose, Coarse, alive green. tonctalcarcous.

S. 5 Arkoas, very coarso to conlomeritic, maroon, very shaly
with pebbles of quarts, clear to milky. and orthoclase feldspar.

I . 0 Arkose, conglomerate, pink, primarily angular clear quartz and
orthoclase feldspar.

I 1.0 Shale and arkose as next above interbedded,

2.0 Arkose, conglomerate, pink, primarily angular clear quarts and
orthoclase feldspar.

1. 5 Shale and arkose as next above interbedded.

6.0 Arkose, very coarse, maroon, angular, very shaly.

I 2. 5 Arkose, conglomerate, pink, primarily angular clear quartz and
orthoclase feldspar with 0. 3' of maroon shale I' from base.

I 2. 5 Shale, maroon.

2. 5 Arkose. very coarse, pink, primarily angular clear quartz and
orthoclase feldspar.

Z. 0 Arkose, maroon, coarse to very coarse, very shaly, angular.

O. 5 Shale, red plastic,

1 I. 5 Arkose, coarse, maroon, very shaly, with pebbles of quartz,

clear to milky, and orthoclase feldspar.

1.0 Arkose, very coarse, pink to green, predominantly angular,
clear quarts and orthoclase feldspar.

3.0 Shale, maroon, micaceous.

2.0 Arkose, coarse, maroon, very shaly, with pebbles of quarts,
clear to milky, and orthoclase feldspar

1.0 Arkose, coarse. maroon, very ehaly.

1.0 Arkose, coarse, maroon, very shaly with pebbles of quartz.

A PQL VWBUS ) AD0I INC



Tablr 2 Pg. 1"

Core #23 (Tountain) 11, J64-11, 394 Cut 30' Rec. 26'.

Z. 0 A rkose, white, coarse, predominantly clear quarts, orthoclase:b I uldepar, muscovite mica, angular. whit* clay cement,

3,0 Arkose, maroon, coarse, with scattered pebbles of clear quarts
very shaly.

2. 0 Arkove, white, coarse to conglomeritlc, clear quarts and ortho-

clase feldspar, white clay cement, angular.

1. 5 Shale, maroon, micaceous.

1. 0 A rkose, medium, abundant biotite mica, whitish grey inturbedded
with maroon shale.

3. 0 Arkose, very coarse to coarse, whitish pink. Clear quarts, ortho-
class teldspar and muscovite and biotite mica, white clay cement,
angular.

1.5 Shale, maroon, micaceous.

11. 5 Awkose, coarse, maroon, with pebbles of quarts and orthoclase
feldspar, muscovite and biotite mica, angular, very shaly.

5 Shale, maroon, very micaceous.

Fractures: 11. 367-11, 368
11, 369-11, 370

Core 024 (Fountain) 11,447-11,475 Cut 28' Rec. 23'.

2. 5 Shale, maroon.

4.5 A rkose, medium to coarse, white grading to maroon. Clean to
very shaly.

2.0 Shale, maroon.

10. 5 Arkose, coarse to conglomeritic. greenish white to pink.

1. 5 Shale, maroon.

Fractures 11,453-11, 454

ir A P")LII ME)5 j94 .AN(I Ad.bO ,AIU '* .
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i
Core #25 (Founatin) 11,543-1, 545 Cut ', Rec. '. (Bowen junk basket)

3 Arkose, coarse, white, with pebbles of quarts and feldspar,

fractured.

1,7 Shale, maroon, slickensides,

Core #26 (Fountain) 11, 827-11, 829 Cut Z I . Rec. 2i. (Bowen junk basket)

110 Arkse, coarse, marviuon, very ahialy, fractured.

1.0 Shale, maroon.

Core #Z7 (Regoiith) Corrected from 11,872.1 1,895 (driller's depth) to
11, 882- 11, 895 (E-log depth) Cut and recovered 13'.

2.0 Shale, maroon.

3.5 Shale, purple-maroon, weathered, bottom foot very leached.

2.5 Shale, maroon, silty, weathered.

1.0 Shale, very hard, silty, maroon, with white leached irregular
areas,

2.0 Shale, dark brownish red, soft.

2.0 Quartzite, reddish brown, with whitish green leached areas,

fractured.

Core #28 Pre-Cambrian 11,976-11,985 Cut 9', Rec. 6.7'.

6.0 Biotite, hornblende, granite gneiss, fractured.

.7 Biotite, hornblende, granite gneiss and pegmatite.

A 0.-dt 4~f V AMW Ik -0A )L. *TJ' lC



Table 3I
RIG DESCRIPTION!

I Company Leffland Brothers Rig No. 7

Drawworkf: Make Ideco Model PR 1050

Compound: Make National Model, 3 Engine No. Chains

Rotary Table, Type of Ltrive Drawworks

Compound Engines: No. 3 Make Caterpillar Model D-397
Continuous HP Rating 1350 Oper. Speed at Cont. HP 1150 RPM

Pump Engines: No. Compounded Make ModelIContinuous HP Rating _ Oper. Speed at Cont. HP

Mud Pump: (1). Make Emsco Type D-700 Input HP 700
(2) Make Emsco Type D-500 Input HP 500

I Derrick: Make L. C. Moore HT 142' Rated Load 900,000

Kelly: OD 4 1/4" ID 2 1/2" Length 40'

Swivel: Make National Type R-3 ID 2 3/ 4"

i Hose: OD ID 3' Length 55'

Standpipe: OD 4 1/2" LD 3 3/4" Length 50'

Drill Pipe: OD 4 1/2" ID 3 3/4" Grade E Weight 16.60

I Tool to: Size Type X11 ID

Drill Collars: OD 8" - 7" ID 3"/ 2 3/4'

I Demander: Make San Angelo No. Cones 3 Power Wak 135 GKU

I Couplings: Make Type Size Location

Torque Convertors: Make Type Size Location

1 Operating Conditions:
Rotary Table Speed: 1st Gear 30 Znd Gear 50 3rd Gear 65

3 4th Gear 80 5th Gear 125
Engine Idle: Vacuum Speed 400 RPM

Full Load Conditions:
Engine Speed 1150 rpm V-,uum or Stack Temp._ 900
Liner Size Pressure Pump Speed
Mud Weight Rotary Speed Depth

I 'O hL J. AN D I 
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Table 5

ROCKY MOUNTAIN ARSENAL
PRESSURE INJECTION DISPOSAL WELL

HOLE DEVIATION

I Deviation i.epth Deviation Depth

3/40 1851 1 1/20 7,930'
0 0 Z461 1 0 81150'

I 1/0 380' 0 o 8,480'

1/20 500' 1/40 8,670'
1/20 660' 1/20 8, 750'
3/40 8Z0, 1/40 8,9Z5'
3/40 967' 1/20 9,030'

3/40 1, 300' 3/40 9, 340'

1/20 1,480' 1 1/40 9,470'
1/40 1, 756' 3/40 9,675'
1/40 2,000' 3/40 10,010'

0 0 2, Z05' 1 3/40 10, 150i
1/20 2,629' 21/40 10,200'
1/40 3, 100' 21/20 10 330,

1 0 3.590' 33/40 10,649'

I I/zo 3,720' 43/40 11, 030'
1 0 4,000' 6 0 11, 170'
1 1/40 4,380' 6 0 11, 340;

1 0 5, 255' 5 0 11,5301

1 0 5,470' 7 0 11,600'
1 o 5,890' 5 0 11,675'

3/40 6,400' 5 0 11,720'

1 0 6,690' 5 0 11,790 i

2 1/20 7,000' 5 1!z °  11,835'
3 0 7, 100'

3 1/40 7,211'
3 1/4o 7, 340'

(

I (Taken from Loffland Brothers daily drilling report.)

I
I
!
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fTable 7

ROCKY MOUNTAIN ARSENAL
I PRESSURE INJECTION DISPOSAL WELL

SUMMARY OF CORES

I Depths
, Formation Core Driller's Adjuattd tn Feet Unit Fee t Uxil

or Member No. IDepths Electric Lo Cut Total Kec. Total

"J- Sandstone 1 8, 492- 8, 519 8,502.- 8,529 27 27
2 8,521- 8,556 8,531- 8,566 35 35

*62 62
Dakota Sandstone3 8,623. 8,657 8,636. 8,670 34 34

4 8,660- 8,672 6,673- 8,685 12 10
5 8,675- 8,681 8,688- 8,694 6 6152 50

Lyons 6 9,604- 9,614 9,597- 9,607 10 0
7 9,616- 9,639 9,609- 9,632 23 23
8 9,656- 9,665 9,656- 9,665 9 9
9 9,669- 9,674 9,669- 9,674 5 5
10 9,676- 9,678 9,676- 9,678 2 1.5
I 9,6&1- 9,698 9,681- 9,698 17 16.5
IZ 9,698- 9, 707 9,698- 9,707 9 9
13 9,707- 9, 727 9, 707- 9,727 20 20I95 84

Fountain 14 9,892- 9,935 9,892- 9,935 43 35.5
15 10, 121-10, 158 10, 121-10, 158 37 36
16 10,317-10,321 10,317-10,321 4 2
17 10,388-10,401 10,388-10,401 13 12I 18 10,594-10,644 10,594-10,644 50 51
19 10, 796-10,846 10,796-10,846 50 48
20 11,044-11,080 11,044-11,080 36 34
21 11, 129-11, 178 11, 129-11, 178 49 48S2 11,262-11,326 11,262-11,326 64 iO
23 11,364-11,394 11,364-11,39-1 30 26
Z4 11,447-11,475 11,447-11, 475 280 23 *
25 11,543-11,545 11,543-11,545 2 2
26 11,827-1,829 11,827-11, 829 2 2S408 359.5 '

Regolith 27 11,872-11,885 11,882-11,895 13 13 3

Pre-Cambrian 28 11,976-11,985 11,976-11,985 9 6.7

TOTALS 639 575.2 6.7

I * Includea 2 feet cut with Bower, junk ba-ket below 26-foot interval cut with
conventional diamond core.I

!
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I DRILLSTEM fEST REPORT

Date, "I iD :' No.:
Leame: j ,.,- M/,:nn. A:.,.,v1 , Well No. : : j.l Y , -'o

t ,-al - Formation: J
Total Depth: Well Elevation:

Testing Company: j Witness: ; .L

Test Data

Tool Open For initial Flow : . Top Choke: 3/

Tool Closed For Initial Shut In @ 120 A Bottom Choke: I/'
I Tool Opened For Final Flow C j1:30 A., M Packers Set (9

Iool Closed For Final Shut In C 12: 5 0 P. N . -2:50 P. M.

Cushion: N ,n,_ Feet of_ _

Hydrostatic Pressure of Cushion - psi/foot x Feet • psi

Initial Hydrostatic Pressure: i __ '_ _ Time
initial Flow Presure -, ' I 7

. Initial Shut In Pressure: Ilia 7 "

Final Flow Premsure: 7 ' 7C_ i

* Final Shut In Pressure: 20 7:.

Pressure Bomb Number: d2 2 1i7.,
I Depth of Bomb: ... _ _, _,

Bottom Hole Temperature: N .

I Gas to Surface in None minutes C1, Mcd/Day; ir. minutes
__ _ Mcf/Day; in minute . Mcf/lay.

I Im rRecovery: Z I i-  
." . c t, jfll ..-. L ... . .

Remarks:

~V tn -

I . . .. .. ..... 7... . . . . ... . ..1. .

II



LAST MUD h. R BEFOR- V~s1

I Drilling lud:

Plastic Viscosity: rLlrde(Cl'): _ i, _ )0

I Yield Point! iudiu'n Chloride (iacl):
Initial Gel strength: Calciurn (Ca):

10 Minute Gel Strength:_ Sulfate (so 4 ):
Weight: 5

Fluid Lose: ".._
pH: _ _0

Mud Resistivity: _ . ,,_ fu A ,"

Mud Filtrate Resistivity: 0, . , ( ' 4 F
Chromatog raph Readings:

C 0______. 5M14

C > __(-__ _ Not A..cordod

3 
f

Recovered Fluid

bI mple No._

Plastic Viscosity: 304
Yield Puint:
Initial Gel:

10 Minute Gil:I Weight: 8.4 ,

pH, 8, 0

Resistivity: . 6 .
i Temperaturv of Samrple: .o. _1__

Chloride (CI-): 7, 530
Sodium Chloride (N.icl)_

Sulfate (S04):
Chron,itograph Readings:

C C- 4

c2 C+

3



DMILSTI2M TE-ST 14EPODP'

I Date: -. 0512. _ DST. No.: _

Lease, Well No, ". it N.,.
Test Interval: Formation, '- . t ,, ,-,
i otal -th_ Well Elevation;
Testing Company: I AWitn aIF: r

Test Data

Tool Open For Initial Flow ( Top Choke: _-_

Tool Closed For Initial Shut In @.. . Bottom Choke: .,

i Tool Opened For Final Flow (9 Packers Set (a _"_,______

Tool Closed For Final Shut In 7 M
Cushion: Feet ofI Hydrostatic Pressure of Cushion _ psilot x - Feet * psi

Initial Hydrostatic Pressure: N. '-)7 Time

Initial Flow Pressure: :'J __7, "" "__, _

Initial Shut In Pressure: o__7__ _____" __,_,,,_

i Final Flow Pressure: .. _____ 27,
Final 5but In Pressure: M_____ _____

Pressure Bomb Number: j ;7,/ 9
Depth of Bomb: .0 ., _.'_, _ '__" ___.. .
Bottom Hole Temperaturi:,

I Gas to Surface in _.,_,_. minutes @ Mcf/Day; in minutes

.__ _ Mcf/Day; in " minute M Mcf/Day.
Recovery: ",) , t_______..______________

I Remarks: L.._ , " . t

I
|~ --

I



l

I 'A .U> (I ' 1. I 7

I Date: 2 1, er I• t N

I Drilling Mud:

PlkItic Viscosity: 20 Chlorides (Cl'): 7, 500
I Yield Point: Sodium Chloride (Nacl):

Initial Gel btrangth: Calcium (Ca): 960- 1, 000
10 Minute Gel Strength: Sulfate (SO 4 ):

I Weight: . H

Fluid Loss- :. 6
pH:

Mud Resistivity: 0, '1d g-0 F OF
Mud Filtrate Resistivity: 0,42 .F. o_
Chrornatograph Readings:

I C 1  M C"4 0, 5--0, 7 .

C 2  C5 O,1L-070 . -
I ~ C 3 . .5- Ahl ,

Recovered Fluid

Sample No: I (Top) . vliddL L) , (Bottom)
Plastic Viscosity: 30 25 2 ;
Yield Point: 25 JO 0
Initial Gel: I 5_ _ _ 1_ _

10 Minute Gel: 35 48 ,i8
i Weight: V, 8 .6 Li. 6

pH. 8 8 d
Resistivity: 0, 46 8 0. 56 .1. 0. 6 .f2

i Temperature of Sample: 70oF 70 0 F 7(,or
Chloride (C1-): 5. 6 00 7, 2.J 7. 600
Sodium Chloride (Nacl)"

I Gai4A-- : flmf 03. 3U 4
Z U te.- .,S , i'liid Los 4-4. 5 4 5-6
Chromatograph Readings:

I CI -i 0- , 700

Ca. ,5 .5 '5 0.+ v' .2 c.51

I 3

t A I *. t , 1 . ,
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DRILLST NI 14:ST REPUIRT

i Date; M&y 22. 1961 DSI. No.: 3

Lease: Rocky Mountain Arsenal Well No.: Disposa Well No. I

Test Interval: 9662 Formatiun: -..ons 5aniitone

Total Depth: 9729 Well Elevation: 5202 K. 13. 5187 G, L.

TIestiig Company: Schlumberger Witness: Bert A. LeatI
Test Data

Tool Open For Initial Flow _q Top Choke:

Tool Closed For Initial Shut In Cc Bottom Choke:

I Tool Opened For Final Flow (4 Packers Set (q

Tool Closed For Final Shut In Ca
Cushion: None Feet of 

I Hydrostatic Pressure of Cushion - psi/foot x Feet : psi

Initial Hydrostatic Pressure: 5000 Time

Initial Flow Pressure: 15

Initial Shut In Pressure:

I Final Flow Pressure:

Final Shut bi Pressure:

Pressure Vomb Number:

Depth of Bomb:

Bottom Hole Temperature:

I Gas to Surface in . minutes (L - Mcf/I)ay; in minutes

-. Mcf/Day; in __-..--minute -, Mcf/Day.

Recovery: None
Remarks: Tool was c¢mpLetel 1USed with lost circulation material.

Test was a misrun. _ ......

....e. Test was run with the Schlurnberger Formation Interval Tester.

i . . . ... .. . ._ _ .. .. " .. ..... ...... .. .... .

I * I ii I I II iI



!'Cabe: Rqcky LMountaini A rgana1 \A ll N* Disposal W ell No. I
est Intvr~al; t74_1-oi I o r r-.t on: Fountain

[Moa] Depti): _00 ______ A___ Well V~~i: 5Z02 K. B, .5187 0v. L.
Ftvbti1ng (,0MlPMfY:J H1. ib qr t an iti.e as: BertA.Ua Zfk

T e bt Da ta

I 'Fool Open For iftial Flom, 1:44 P. M. lop CThoke: 3/ 8.
Tool Closed For Initial ':hL,t It-. (i iottonl Chok~e: Nono
Tool Opcene(! Fur Final Flo.:w i- - re ri .-.et q 9845

f uol Cloted F-or Final Sh it Ir.( -
Cashion: 1700 FeCt of Water

I lydroalati, Prc-..b ire of Cashiul' - psi/f(.-t x - Feet a _____psi

Initial FlydrostatiL Prbsure: 4776 4779 4852
Initial F'low Preisurc: ______ ______ _____

Initial Sho.t In Pressure: ______ _____ _____I Final Flow Prussure:
Final Shut Lo Press,.'e:______ ____ ___ ______

Pressure !'a.nib Numrber: 1376 Zlz 193 ___I Dept, of 13ornb: 9830 9850 10012 ___

Bottum 1-lole B.'mnperature. 2060 F

I Gas to Stirface in -minutes (a'_____ Mcf/lDay; i. minutes
1"d____ Mcf /Iay; i n minute 'M MCf Da y.

Recve ry.:I Remarks *Sj~je pc.~ ot P~qker failed immnodiately wh en t 01 oppae. _

--~EA. _akr.LIcdaan.-lst was a n probably due to con,-

_Iuiao aZ7 I1~ r~rdp .s. tho .. ue.



II

I

I Dl te' j, r~e 4, i")u1 i.- 1 o, " _____________

Ledb' : r S uI2_une l ' "L0- i a Nell No. : -f.Q i I

a t Irte r\ A3 1; -9 1(-o0 trmation: ____________ ________________

l'-tal ;)fepth:._ 0016 Well Kievatiu;.. 2 _ ,) L,.
febting ( ompany: H__a.lliburton Witneve: Bert A, L.earI
'est Dati

I foul Open .'or Initial Flow e Top Choke:

Tool Closed For Initial Shut In (L B.LtoM Choke:

Tool Oper.ed For Final. -low @ Packers Set

I j(Jl Gluoed For Final bht In ._

Cushion: 2020 Feet uf atgr

Hydrostatic Pressure of Cushiun pi x ---- t psi

Initial Hydrostatic Pressure: * .t___ , 4 Time

Initial Flow Pressure:

lI itial Shut In Preisure:

I F;nal Flow Prcsure:

Final Shut .i Pressure:

Press ure 1Horb Number: 1376 212____ ~I Depth of Bomb: 9811 10012
Bott m Hole Temperature: 206°F

I Gas to Surface in minutes ( _ Mcf/Day; in minutes
_____Mcf/Day; in - minute ( -. cf/Day.

Reco),ufry: 2020' waer~ Ol i~~Q .nu_ _I~Rma rk -Twv V~ick e r s,.~lcr

- in.* -1c. I -- -- _ n..

I ......... ...

I
I . ... .. ..
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SDRILIS EM I F ST R E P(-,PT

Date: Jun." 7, 1961 DSI. No.: 6
Lease; Rocky Mountain Arsenal Well No.: Disposal Well No. I
I cot Inte rval; 9, 6b2 - 10,.057 Formation: Founta"i
Total Depth: 10,057 Well Flevation: 5ZOQKB. 5187 G, L.
Testing Company: Halliburton Witr- es: Bert A L1
Test Data

Tool Open For nitial Flow C 1 @ 30 A, M, Tr- .noke: I/"
Tool Closed For Initial Shut i 11 37 A.MAd- Bottom Choke: 7/8"
'Tool Opened For Final Flow a I2.0 P. Packers Set @ (,857 and 9862
Tool Closed For Final Shuit 1- ( :07
Cushion: 630 Feet of water
Hydrostatic Pressure of Cushion 0, 33 psi/oot x 7AI Feet * 317 psi

Initial Hydrostatic Pressure: 1, E:22 4, 629 4, 938 Time

Initial Flow Presurc: 1, 191 PL.gged Plugcd 7 min.
Initial Shut In Pressure: , 052 4. 562 4. 6.--3 _ nn.
Final Flow Pressure: 1. -39 Plupgcd 4. 127 60 min,
Final Shut Ln Pressure: 4, I 3-593 4, 9 120 mimi,

Preaoure Bomb Number: 1 , -76 2... 193

: Depth of Bomb: 9 C 9. 7 1, 067 ,
Bottom Hole Temperature: -o r

iGas to Surface in None minutes @ . Mcf/Day; in minutes
@: . McflDay; in minute cf / M lDay.

Recove ry: ;4g' warr._cushion , 1'- mud cut water cushion, 1. 646' mud.
S Remarks:

-clartn inidirated that perforation&M ar. a aiganRrd, (earmg.-
___d: , g~t : _e -Lq .,._ TI lt._m~a I~u__ldu cu veapp ,ar~s to :-) usablev

V,_l of mud etwveen tool & hol. below r)acker _ 191 ._1175 - 0..) , 1 k,. 1As.
2&._ _-_. ud lost dug to leakau- & rtsvtti. tool (2st.,

To al Z1. • "i,1
i _3h~uL,:;_ _./. rom fo-'mation ' 7'IL _-dL. ... 1 _ I2-_, . .

|F M 1 --
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I LAST MUD CYVmCK BEFORE TEST

I ")ate: . 1 ; , I'Te t No.: t,

Drilling Mud:

PlasLic Viscosity: 26 Chloride* (e71): , '.00
Yield Point: 1l Sodium Chloride (Nacl): _,_630
Initial Gel Strength: Calcium (Ca): i, O0
10 Minute Gel Strength: Sulfate (504):
Weight: 9. 'i
Fluid Loss: e. 2
pH:
Mud Resistivity: 1. 0

Mud Filtrate Resistivity: .2 SL
Chromatograph Readings:

i__ 
C 7,1k 
4

C ['race 5+

C3

Re.overed Fluid
Sample No. : Top 'Jdho

Plastic Viscosity: .0 ,48 - 50I Yield Point:
Initial Gel: _ U 15-
10 Minute Gol: o_, 0 - 90 _ __0
Weight: 9. 9. 4
pH, 8 7 .5-07 7 .

Resistivity: z - ____________

a Temperature of Sample: "  -F -o. •  ,u k'
Chloride (C1): '00 0 VJu -
Sodium Chloride (Nacl).I Calcium (Ca): -70 ';ou- ,J LLO
Sulfate (SO 4 ):
Chromatograph Readings:

C ::,u, 00, ;t;0, 000 C 4  '.L ','r. iU, 229

C2  0,o, -,: * "I C 3  r. T .i' ' , 0

" . . ('ro;))

0 7 
ot

* A *~~ A II"ij,
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I DRILLS r .;v I'ESF R E PC0 T

I Date; j..( 1, Y, .. D 5T, No.: -7

Leas5: .!ell No.i: A rrte.na, _ furq Ini ction Dis us-! Veil No. I

T .e9t IIterval . _ 1 . ). 3 7 Form ation: .__....____ir _

lotal Depth: i _ _ _, 1 Well !Llevation: j, 20,Z KB . 1dU iL
lrceting C(mupany: j laiburton Witness: Al Satnueis

'I Test Data

Tool Open For Liitial Flow (9 Top Choke: _/,_"

Tool Closed For Initial Shut In (q Bottom Choke:

Tool Opened For Final FLDw C Packers Set 6±
Toul Clused For Final 5hut In (
Cushion; 1, Ot, Feet of rater

Hydrostatic Presbure of Cush'.on i-, 00 p i/foot x ( Feet * , psi

Initial Hydrostatic Pressure: j , 7 Time

Initial Flow Pressure:
Initial Shut In Preseure:

' q Fbw v r~c r.,______ ______ ______

Final Shut hn Pressure:
I Pressure Bomb Numrber: I, 37(, 212 I _

Depth of Bomb: 10, 0-3 1 1J, u8b 0.5i
Bottom Hole Temperature: _"-

I Cas to Surface in - minutes (_4 Mci/Day; in minutes

_ Mcf/Day; in minute @ Mcf/Day.I Recovery:
Remarks: _ Packers f,' -- rme, -irun

I __

I '~ ~ *' '- ... (* " * """ '
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I DRILLSTFN I ESI REP JI 'I

Date: Junt 18, 1961 !)-r. No.: a
Lease: Rocky. Mouitu n A r~enAl Well No. : Pressure Injection Dispo al Vall No. I

fu.st bnturval: 1, 1 _ 7. 10,.3 33 2oriation: Fountain

Total Depth: 10, 3_9 - Well EleN atio:,: . 202 KB, 5,_187 0L

resting Coripany; lialliburtOn Witness: Howard H, Sella

Test Data

Tool Open Yor 1nitial Flow a .1 AN - "Top Choke: I/8"
'tool Closed For Initial Shut In AL 9:25 AM Bottom Choke: 716"
Tool Opened For Final Flow (4 9.5, AM Packers Set (4

1 ool Clo~ed For Final Shut In C 1-.00 11.AM

Cushion: _ 0o Feet of Water -

lydrostatic Pressure of Cushion I 500 -psi/foot x 0, 433 Feet r 650 psi

Time
Initial Hydrostatic Pressure: 4, 918 4, 861 .4, .31

Initial Flow Pressure: 77.1-846 1, 004 1 012 1A 09 1, I3 7 minutes

Initial Shut In Pressure: 4, 119 4, 119 4Z3 31 minutes

Final Flow Pressure: 848-1,230 1, 050- 1, 308 1. 21- i 43 04 minutes

Final Shut bi Pressure: 4, 069 i, 063 41, Ml 120 minutes

Pressure Bomb Nunrnber: 1. 376 212 - 1.
I Depth of bomb: 10, 114 10, 144 iu0 33' _

Bottom Hole Temperature: 218 0 F

' Gas to Surface in None minutes _ Mcf/Day; in minutes

(a Mcf/Day; in minute (4 _ Mcf/Day.

Recovery: 1, 3951 ater9 3'nudd _w.ter.tr,_1 188'_mud.

Remarka: Had a weak blow when tool ... _h continued troughout the test.

630' of Z !/4" 1. D. Drill Collars .b30' , U, 0073 B/Ft.. 1. 1 , bls n ud -

l1O' of 3 I. D. Drill Collars : 18)' x O. 0087 B/Ft. ,4. 6 Bbls mud

_7, of / X . . Drill P .... d' x 0.0 , 9 /Ft. , 4.9 bls mud
Total _ 11. 1 I3bls mud recove red

i A
9 ............ ~--.-----...----........-.-..-...............................

I

j I I*. A'. .
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URILLST EM~

Late: June Z4, 16! DSFT. No.: 9
Lease: RQky Mountain Arsenal Well N,). :Pressure Injection Dissal No. I
Test ite r%, I: j o, j6 - 10,542 Formation: Foimtain

f otal Depth: 10 542-  Well Le' atie-: 5, 20Z KB, 5, 187 GL

Testing Company: .Hallhurton Witness: Alvin Samuels

Test Data

Tool Open For Initial Flow C IU:83 A. M. Top Choke: .a"

Tool Closed For Initial Shut In (q 11:00 A.M. Bottowl Choke:
Tool Opened For Final Flow C. 1]: 11. M. Packers Set f4 jjt. .

Tool Closed For Final Shut In C% 12:09 P, M,.

Cushion: 1, 560 Feet of W:,ter
Hydrostatic Pressure of Cushion 0.416 psi/foot x 1 560 Feet 64 psi

W~~~ (fsi 0.41e

Initial Hydrostatic Pressure: 5, 088 Clock , 'rime

Initial Flow Pressure: - Stoppd §
Initial Shut In Pressure: 1 300 1- 3A9 30

Final Flow Pressure: 603/68: 83/" 32jj..~
Final Shut In Pressure: 1, 505 1,-34

Pressure Bomb Number: 1. 376 21_ 193
Depth of Bomb: 10, 313 10, 3 -,.sic)

Bottom Hole Temperature: 21___

I Gas to Surface in - minutes @ Mcf/Day; in minutes
. Mcf/Day; in . minute C - Mcf/Day.

Recove ry: ___560 ' watrers_./ Lm 4,....

Remarks:

T jM eng with aq blow, B-Yraoa-Lftcr 22mnte. awa
blow which died in 5minutgs

I
I



I

OIILL,) r .N': ) 1E5 V PU V.!

Le, ke.: RoCk..N4Q LrL, &_ Well nC : Lrna urM taiamehlaxposal No. I
1Te st Litc rval: _10 17 . I. 729 Iorn~ati u; F'uuntkin
Tefting Company: Halliburto_ Wt re'sTAvin u Lear

Tfest Data

fool Open For Initial Flow b 9:30 A. M. Iup Choke: 3/8"

Tool Closed For Initial Shut 1L7. 9:33 A. M. i.)ttom Chor. 7/

Tool Opened For Final Flow @ 10:03A.M. Pacxers S,-t .. 5 1 ZI 10, 517
Tool Closed For Final Shut In ¢ 10:53 A. M.
Cashion: 1. 700' Feet (if Ater

Hydroatatic Pressure of Cushion 0. 41 siTft x Feet x 7c7 psi

Initial Hydrostatic Pressure,: 5. 193 5.1
Initial Flow Pressure: 5931597 A.1JR.1

Initial Shut In Pressure: 1, 043 1. ... L._ -. 30

Final Flow Pressure: 69/9 7 23/7g5)/q 5
Final Shut In Pressure: -. -.. 12(

Pressure Somb Number: 1. 37_-
Depth of Dumb: ..L49 1AL 7?
Bottom Hole Temperature: ... -0

Gas to Surface in minutes t Md/Day; in rni.iutes

4 - Mcf/Day; in minute @ Mcfl/Day.
Recovery: _.- 7Q .'_y , uAlii yIn X 902.oi.ud . .. - - - - - - --.. ..

Rem arks: . . . .. .. . . .

__No blew when tool ._qp4pnd._ By apsed ol. -. Had a weak blow which died

I ~~i 15 m-inutes. ---

in -n XiZuIIZ I.. .... ................ .. ..... ...

I
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I DRILLS'rEM TEST RFPORT

Date; July 9, 19 6 1 DST. No. : 11

Lease: ROC.W Mou1ntain A ienal Well No.! Prsoure njection Dis&oga1 No. I' Test Interval: 10, 755 - 10, 962 Formation: ___' _

Total Depth: 10, 962 Well Elevatio,: 5. J0UKZB. 5. 187 OL
Testing Company: Hallburton Witness: BertA. L La.

Test Data

I Tool Open For Initial Flow Ca 5:13 A. M. ' op Choke:
Tool Closed Fur Initial Shut In @ s1""i A. Bottom Choke:
Tool Opencd For Final Flow (g, 5-j5 A.. M _ Packers Set C 750 755
Tool Closed For Final Shut In 4- 6-,35 A. M-.
Cushion: 2, 000 Feet of Water
Hydrostatic Pressure of Cushion 0.416 psi/foot x 2, 000 Feet x 832 psi

7Time
Initial Hydrgstatic Pressure: 5, 389 ... 7 5, 550

Initial Flow Pressure: - 904/980 11Z/1082 2

Initial Shut In Pressure: 1. 770 1. ,764 1. 840 z
I Final Flow Pressure: 970/968 .9521946 104511045 69

Final Shut In Pressure: 1,980 ,956 2,L41 120
Pressure Bomb Number: I_3._ 2 1. 376

Depth of Bomb: 10. 735 10, 765 10_i0. 595 _
Bottom Hole Temperature: z16 0F

Gas to Surface in minutes (a Mcf/Day; in - minutes

Cal - Mcf/D6-y; in . minute (a _ Mcf/Day.

Recovery: 000' of 4,tr r_.jhi on flus 2_E of mud

Remarks: i
I f~~ol Qpenl d with a weak blow decreasin&-g-AocdIn 5ni~

I -,

n F A *n MI S' I SN A ..IImu m.nu
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I DRILLS"IEM I ESI REPORT

Date: Auust 19, 1961 r)Sr. No.: 12
Leame.__ Roc y Mountain Arsenal Well No..: Dilsola1 Well No. 1
Iet Irtrval: 1 -1, 439t . ,ho, Formation: Fountain
Total Depth: 11 ,439 ,. .171) Well }leration:
Testing Company: lalliburton Witness: Howard Seils{
Test Data

I ool Open For Initial Flow C. 7(13 A-M- Top Choke: 318"

Tool Closed For Initial Shut In C 1 5 A- Bottom Choke: 7/8"
I Tool Opened For Final Flow ( 7-33 A- Packers Set (5 _ I ,096

1 ool Closed For Final Shut In a 8vO5 A. h.
Cushion: 3040 Feet of water

I Hydrostatic Pressure of Cushion 0.433 psi/foot x 3040 Feet x __I& psi

Initial Hydrostatic Pressure: 5018 5035 50V Time

Initial Flow Pressure: 1420/1414 1470/1465 1434/1432 2 mi.
Initial Shut In Pressure: 2034 2067 - 2..0. 20 min.

I Final Flow Pressure: 14181144 1470/1465 14341112 30_ nn.
Final Shut In Pressure: 1708 1756 1729 - 62 m.
Pressure Bomb Number 221 193 212

I Depth of Bomb: 11077 11082 ' 11112
Bottom Hole Temperature: _-00°F_.

I Gas to Surf'-.:e in - minutes ('i - Mcf/Day; in - minutes

C Mcf/Day; in _ minute ((-L Mcf/Dai
Recovary: __3401 w4qy -Cl-U n g"Iu 1' mud,' Remarks: _Xo_ bqw wjho_ |Q Q9nfl .tqj W#I iist d u:L . .

hose was pi14 gd . . w .. ... . ... . .

I
, I . . . .. . .. . . . .r. ..
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IDRILLSTEM-TEST REPORT

Date: September 5, 1961 DST. No.: 13
Lease: Mountain ArsenaL Well No : Disposal. W0l No. 1

Test bIterval: q .6 -.'gp(CS. slhoC i- ormation: Fountain to _pr.-Carrbrian

Total Depth: 11Q85 _ 1 1,171) Well ?-evatin:_ _ _

Testing Company: Halliburton Witness: ..... A Smula

Test Data

I Tool Open For Initial Flow @ 8:22 A.M. Top Choke: 3/8"

Tool Closed For Initial Shut In 68:25 A.M. Bottom Choke: 7/8"
Tool Opened For Final Flow @ 8:55 A.M. Packers Set @ 9.660

Tool Closed For Final Shut In 9:55 A.M.
Cushion: None Feet of
Hydrostatic Pressure of Cushion - psi/foot x- Feel - psi

Initial Hydrostatic Pressure: 4063 4086 401Time

Initial Flow Pressure: 8!011068 856/1117 840/1100 3 min.

Initial Shut In Pressure: .852 3868 3870 30 min.

S Final Flow Pressure: 901/2552 9Z5/2565 925/2560 60 min.
Final Shut In Pressure: 3719 3732 3730 12" min.

Pressure Bomb Number: 221 123 212

Depth of Bomb: 9640 9645 9677

Bottom Hole Temperature: 214°F

I Gas to Surface in - minutes @ - Mcf/Day; in minutes

-a Mcf/DaEy; in . minute Cc, " --- Mcf/Day.I Re cove ry:-~t2fui~nd
Femarks: _Qplpned with strong blow decreasin& to good b1ow at end of test.

JI A
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Table 22I
i

I DRILLSTEM TEST REPORT

f Date: September 6, 1961 DST. No.: 14
Lease- RockxMouta~iAenil 'Well No.: Difp~mal No. I
Teut lnterval; II, ZO-1l, 98 51g19.A shoe Formation: Fountain to Pre-CambrLan
Total Depth: l1,185 - 1 1.t71 ) Well Elevation: '18 7'G. L. ; 5203 K.B3 .
Testing Company: Halllburton Witness- Y. .ardy G"arrett, Jr,

Test Data

Tool Open For Initial Flow @ - Top Choke: 3/8"
Tool Closed For Initial Shut In @ - Bottom Choke: -1/4
Tool Opened For Final Flow @ 12:54 P. M. Packers Set @ 11,020
Tool Closed For Final Shut In @ 3:30 P. M.
Cushion: Z, 000 Feet of water
Hydrostatic Pressure of Cuihon '0. 433 psi/foot x 2, 000 Feet a 866 psi

Time

Initlal Hydrostatic Pressure; 5, 029 5,050 *
Initial Flow Pressure: -11,-7-' /',844 - 0
Initial Shut In Pressure: ------------- NOT TAKEN ........................
Final Flow Pressure: -13,46-3, 508 * 5 "
Final Shut In Pressure: 4,128 4,155 9 93 min.
Pressure Bomb Number: 221 -193 212
Depth of Bomb: 11,002 11,007 11,035

i Bottom Hole Temperature: oi

Gas to Surface in - minutes @ Mcfi/Day; in - minutes

I @ - Mcf/Day; in - minutes @ - Mcf/Day.

I Recovery: 2. 000' water cushion plus 5,400' salt water

Remarks: Opened tool at 12:45 with no blow. Bypassed tool and reopened at
I 12:45 P.M. Had no blow at beginning of test, weak blow after 10 minutes,

increasing to fair blow ,n 20 minutes and decreas'i to a very weak blow at
the end of the test.

Clock stopped - no readings.

I
I

1 C . POUMCU ~ AS~OCIAl,.



Table 23 Fj. I

I
I

SPECIAL CORE ANALYSIS RESULTS
ROCKY MOUNTAIN ARSENALI [PRESSURE INJECTION DISPOSAL WELL

Horisontal

Depth Permeability PorositySample No. Feet Millida cys Percent Remarks

J 1 8,625 0.0 3.4 Dakota SS

2 30 0.0 4.6 It

3 60 0.0 8.6 I

4 63 0.0 5, 3 It

5 9,619 0.0 3.8 Lyons SS
6 Z5 0.0 4.4

1 7 30 0.0 3.8
8 35 0.0 5.7

1 9 40 0.1 5,0
10 63 1,4 3.5

1 11 71 0.0 4.4
12 85 0.0 2.7

1 13 90 0. 3 3.6
14 95 0.0 5.0

1 15 9, 700 0.0 6.0
16 05 0.0 4.1

17 10 0.0 3.9
18 15 0.0 3.8

,I (Selected samples aalayzed by Core Laboratories, Inc.)

A POI Vf 4l *% ) . 'AT I'.

44



i Table 23 Pg. 2

Horizontali Depth Perneability PorositySample No Feet Millidarcys Percent Remarks

19 9,720 0.0 6.0 Lyons SSI 20 9,902 0.0 4. Z Fountain Arkose
21 10 0.0 6. 3
22 Z0 0.0 1.9

23 Z4 0.0 1.0
24 10, 125 0.0 4.2

25 135 0.0 3.9
26 144 0.0 6. 7
27 156 0.0 3,9
Z8 392 0.0 2.8

2 29 398 0.0 2.6
30 400 0.0 4.7
31 596 0,0 3.6
32 605 0.0 2.9

33 623 0.0 6.0
34 67 0.0 2. 3
35 805 0.3 3.5

36 811 0.0 3.0
37 823 0.0 1.7
38 830 0,0 2.9

39 11,048 0.0 2. 1

40 065 0.0 4.7
41 071 0.0 2. 1

42 130 0,0 5.6
43 138 0.6 6.8
44 140 0.9 6.0
45 144 0.3 5.5

46 147 0.0 3.9
47 153 0. 1 3.0

I 48 165 0.0 3.4
49 173 0,0 3. 1
50 457 0.0 2.2
51 462 0. Z 5.8
52 11,465 0.2Z 4.8



Table Z4

I

ROCKY MOUNTAIN ARSENAL
PRESSURE INJECTION DISPOSAL WELL

LOGGINO SUMMARY

I Type Log Induction-Electric
Dates Run 3.15-61 5-Zi-61 8-1-61 9-4-61
First Reading 2,015' 9,719' 11, 242' 11,990,
L-*t Reading 134' 2,020 9,719' 11, 166'

Footage Logged 1,881' 7,699' 1,5231 8?.4'

Total Depth(Drlr.) 2,030' 9,729' 11.225' 11,985'
Hole Size 12 1/4" 11" 11" 6 3/4"

Type Log Gamma-Ray Neutron
Date Run 9.4-61 9-21-61
First Reading 11,988' 12,040'
Last Reading 50' 11,700'
Footage Logged 11,938' 340'
Total Depth(Drlr.) 11,985' 12,045'
Hole Size 6 3/4" 6 3/4"

Type Log Sonic
Date Run 5-21-61 8-1-61 9-4-61
First Reading 9,718' 11,234' 11,988'
Last Reading 2,020' 9,7181 11,166'

Footage Logged 6,698' 1,516' 822'
Total Depth(Drlr.) 9,729' 11,225' 11.985'
Hole Size li" I1" 6 3/4"

Type Log Microlog
Date Run 3-15.61 5-21-61 9-4-61
First Reading 2,006' 9,717' 11,990'
Last Reading 134' 2,020' 11, 166'
Footage Logged 1,872' 7,697' 824'
Total Depth(Drlr.) 2,030' 9 ,72 9 1 11,985'
Hole Size 12 1/4" i" 6 3/4"

Type Log Temperature Log
Date Run 5-21-61 9-4-61
First Reading 10' 11,990'
Last Reading 9,710' 9,500'
Footage Logged 9,700' 2,490'
Total Depth(Drlr.) 9,729' 11,985'

I Hole Size li" 6 3/4"

(All data taken from heading of log. See Volume 1II).vt. L itt IANlA'' LA **



Table 25
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