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Abstract

Three massive hydraulic fracture operations for natural gas
stimulation were conducted in November and December 1975 and January
1976. The fractures were performed by Halliburton for AMOCO in the
Wattenberg field northeast of Denver, Colorado. A surface electrical
potential technique was used by Sandia Laboratories in cooperation with
AMOCO to obtain diagnostic information that would characterize the frac-
tures. Comparison of field data with model calculations indicates that
the electrical potential gradients produced by the direct electrical
excitation of the fracture well and fracture fluid can be used to map
and characterize the fracture. The surface electrical potential techni-
ques utilized and mathematical modeling is described and the data
obtained are presented. Fracture orientations apparently lay in a SE
to NW direction and analysis indicates the creation of asymmetrical

fractures.
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SUMMARY

Three massive hydraulic fracture experiments for natural gas
stimulation were conducted by Halliburton for AMOCO in the Wattenberg
field northeast of Denver, Colorado. The expefimehts were conducted
on three wells -~ Martin Hart "E" No. 1, Salazar G.U. No. 1, and
UPRR-22P, All three wells were open hole and the fracture zone was
located at a depth of approximately 8000 feet. All were treated with
approximately 300,000 gallons of fluid and 600,000 pounds of proppant.

The surface electrical potential technique was used to attempt
characterization and mapping of the fracture. " The casing of the well
which was to be fractured in one experiment and a downhole sinker bar
in others were used as.the probe for inducing current into the earth.
A remote well casing was used as the probe for the current return.
Data were taken by recording the potential differences between 24
pairs of probes placed circumferentially around the wellfwith an
inner probe radius of 1800 feet and an outer probe radius varying
from 2800 feet to 4000 feet. The induced current was essentially DC

and was obtained from a series of batteries.

Three second current pulses of both polarities were used for the
induced current. After a one-second delay each of the 24 data channels
was sampled 20 times at 25 millisecond intervals. The potential of
each location was normalized with respect to the current used to
induce the field. A comparison of the data for the "before fracture"
to "dfter fracture" was made to obtain the characterization of the

fracture.

The noise perturbating the system consists of telluric currents,
currents from industrial sources, and natufal local currents. It is
difficult to determine the exact signal-to-noise ratio or the exact
origin of the noise without exhaustive field measurements and data
analysis. However, improvements have been made in the surface poten-
tial gradient technique since the early de?elopmental stage of the

diagnostic¢ program.

To aid in the interpretation of the field data, mathematical
modeling efforts have been undertaken. The model utilizes the Green's

function ‘integral equation approach where the so-called half-space



Green's function is used. The model calculates the potential differ-

ence (A¢) that exists at the surface as a function of fracturing
conditions.

Data analysis indicates that the fracture orientation for all
three wells lies in a SE to NW direction and that the- fractures are

asymmetric.
I. INTRODUCTION

In April 1973, a special Natural Gas Technology Task Force issued
a report on major gas deposits in the United States which cannot be.
exploited with current extraction techniques.l The low permeability
of the gas-bearing sands in these regions dictates that extremely
large fractures are required to provide adequate productivity. The
report indicates that the gas deposits could be stimulated by massive
hydraulic fracturing (MHF). Massive hydraulic fracturing stimulation
consists of multi-stage sand and fluid injections that would poten-
tially create long fractures (~ 5000 ft) over a large gross pay
interval. To assess the efficiency of the MHF process, characteriza-
tion information is needed on the aximuthal direction, length, and

2,3 In

addition, for production application of MHF, similar information is

height of the permeable portion of the hydraulic fractures.

needed to affect optium well placement to ‘achieve overall efficient
drainage.

Sandia Laboratories is currently working on a Massive Hydraulic
Fracture Mapping and Characterization Program funded by the Division
of 0il, Gas and Shale Technology of the Energy Research and Development
Administration (ERDA). The geophysical diagnostic techniques include
the use of passive seismic signals created by the fracturing and sur-
face electrical potentials induced by injecting current into the
fracture well casing and subsequehtly influenced by the electrically-
conducting fracturing fluid.4 This report concerns only the surface
potential method. The instrumentation used and mathematical modeling
are described, and the field results and data obtained from three MHF's

are presented.

Surface electrical potential data have been obtained during three
fracturing tests. The MHF's were performed by Halliburton Services
for AMOCO in the Wattenberg field northeast of Denver, Colorado.



Data was collected for the first (Martin Hart "E" No. 1) in November
of 1975, for the second (Salazar G.U. No. 1) in December of 1975,

and for the third (UPRR-22P) in January of i976. All three wells
were open hole and the fracture zone was located at a depth of
approximately 8000 feet. All were treated with approximately 300,000
gallons of fluid and 600,000 pounds of sand for proppant. Access to
a downhole current probe was provided by AMOCO on all three wells.
The Wellex probe provided through AMOCO allowed the electrical current
to be induced at the fracture depth. A sinker bar was electrically
connected to the center conductor of a standard wire line which was
then connected to the current pulser. Breakdown on all three wells

occurred weeks before the main fracture.

The electrical MHF mapping technique is associated with the
science (or art) of electrical prospecting used in the investigation
of geological structures. In the technique used here, potential
gradients created at the surface of the earth are the result of using
the fracture well casing along with the associated fracture filled
with a conducting fluid as the induced current electrode and a remote
well casing as the return current electrode. As the fracture pro-
gresses the potential gradient changes at the surface are due to the
change in electrode geometry. If the potential gradients before,
during, and after the fracture are compared, diagnostic information

about the fracture is obtained.

To aid in the inferpretation of the field results, a mathematical
modeling effort was undertaken. An initial approach treated the well
casings and fracture fluid as perfectly éohducting electrical line
sources in an infinite isotropic and homoyeneous medium. For a non-
homogeneous medium, a resistance ladder network, chosen to represent
the well casing, fracture fluid, and the resistivity of the formation,
was used to apportion the current densities on the fracture well casing

and the fluid-filled fracture.>

A second method utilizes the Green's function integral equation
approach where the so-called halt-space Green's function is used. The
well casing and fracture fluid are assumed to have a finite resistivity,
and the voltage distribution along the well casing and fluid-filled
fracture is taken into account. It is assumed that the well casings
and the fluid-filled fracture can be treated as line electrodes with

a finite cross-sectional area; the earth is treated as a half-space
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with a uniform resistivity; and the current leaving or entering the
line electrodes per unit length are constant. With these assumptions,

the new calculations are similar in some respects to the earlier

results.6

II. MODEL CALCULATIONS

Electrical prospecting is a well-known technique that is used in
the investigation of geological structures beneath the surface of the
earth, The approach taken is.to determine the variation of the
electrical constants of the earth's crust and to make the proper
interpretation of these variations. Of the electrical constants
associated with the earth's crust, the variation in the resistivity
is by far the greatest and the theory used is based entirely upon
electrical potential theory. Most uf the problems that exist in
electrical prospecting are not new, however, there are applications
of these theories to specific situations that have not been considered
in the past. The situation considered here is the application of these
theories to determine diagnostic information of an underground hydro-
fracture.

A vast amount of the work that has been done in electrical pros-
pecting has been applied to the problem of the potential distribution
about a point electrode placed on the earth's surface. 1In the appli-
cation of potential theory considered here, the fracture well casing
serves as one current electrode; the fracture fluid is conductive and
after fracturing the fluid-filled fracture acts as a horizontal
conductor within the fracture zone; and the current return path is
provided by another well casing located some distance from the source.
Thus, the electrode spacing is not large c¢ompared to the dimensions of
the electrode and the source must be considered a line and not a point
source.

A rigorous analysis of potential distributions resulting from a
penetrating electrode has been presented by Muskat.7 The formulae
developed by Muskat cover both point electrodes at the surface of the
earth and penetrating electrodes. Also the formulae are applicable
for the potential distribution at all distances from the current source.
However, the analysis is overly complicated and for present purposes
a simpler analysis can be applied to the hydrofracture problem. Sunde8

in his treatment of buried metallic structures used for both power and



communications system describes a’simplér.analYSis. In this analysis,
mathematical approximations not affecting the fundamental aspects of
the pfoblem'are used in order to obtain engineering equations.
Simplifying assumptions made in the development of the equations are
that the earth is homogeneous and isotropic and the current flux
density along the penetrating electrode is uniform. 1In the application
here, the spirit of Sunde's assumptions is employed which results in a
simplified model to describe the potentials. The results are believed
to give a fairly accurate description of the behavior of the potentials

during fracturing.

The use of the Creen's function technique for solving partial
differential equations in electrostatic problems is quite common.9 This
technique is used here to solve for the electrical potentials in the

MHF mapping problem.

Consider a volume V bounded by a surface S. Green's second identity

given. by Van Bladel9 is

_;/Q dV’;G(x,x‘)V’2¢(x’) - ¢(x‘5V‘2G(#,X’)
v 22 2 MRS i

= ds“T(x,x") ’ (1)
S . ~ ~ .
where
3 (x7) 3G (x,x7)
F(x,x ) = G(x,X ) ——— = 0(x7) ——%ﬁf;——- . (2)

an

Here G(x,x”) is the Green's function, ¢(x”) is the sought after solution.
for the~p;tential, 3/9n” is the normal d;rivative to the surface, and
5’ is on the surface S. . The appropriate Green's function to use here
is
1
[(x—x‘)2-+ (Y'Y')2 I- (z—z‘)2

GuxT) =g

1/2

+ : 1 ' ’
_ A’(x—X‘)z + (y—yf)2 +,(z+z’)2]1/2

(3)

where G(x,x”) satisfies the equation

11
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VZG(§,§’) = 6(x—x')6(y—y’){6(z—z‘) + 6(z+z‘)} , (4)

and §(x-x"), etc. are Dirac delta functions. G(x,x”) has the property
that the normal derivative of G(x,x”) in equation (2) will vanish at
the surface of the earth.

For a volume which does not contain any charges or currents such

that V2¢ = 0, then from equation (1), ¢(x) is given by

¢(x).=Jr ds I'(x,x”) . (5)
b s 22

It remains now to soive equation (5) for the potential ¢ (x) with
a specified current distribution, 3¢(x”)/%n", on S. Since the;e is
a current leakage from the electrodes, the potential distribution on
S, ¢(x”) in equation (2), is determined by the specified 3¢(x”)/3n” as
will ge shown. )

The surface S consists of the surface of the earth (z7 = 0), the
fracture well casing (S+) along with the associated conducting fracture
fluid (Sf), and the current sink well (S_) as shown in Figure 1. No
current lines flow through the surface of the earth such that 3¢/9n”
= 0 at z° = 0; also at z° = 0, 3G/3dn” = 0 where 3/9n" = -3/3n". 1In

addition, 9¢/3n” and 3G/3n” vanish at «. Thus equation (5) becomes

Ld>('>_<) =/S

-~

ds‘Ir(x,x") +Jr AS“T(x,x")
+ T S_ )

+f dsT(x,x") (6)
Sf -

where TI'(x,x”) is given by equation (2) and the surface is shown in

Figure 1. The normals to the surface are outward normalc.

The integral equation, equation (6), is in general difficult to
sclve. However, to illustrate the potentials for the MHF mapping
problem some simplifying assumptions are made. With these assumptions
the solution reduces to some simple integrals which can be evaluated
in closed form. However, the Green's function technique is general
enough to handle more complicated cases which would require solutions
to an integral equation.
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In this report the following assumptions are made.

The resistivity

of the earth is assumed to be uniform with a value of p. .Since the

earth 1s assumed to have uniform resistivity,

it is reasonable to assume

that the current leaving or entering an electrode per unit area is con-

stant.8

line’sdurces with a finite cross-sectional area and circumference.

The well casings and the fluid-filled fracture are treated as

The

current leaving the (+) electrode (+ well casing and conducting frac-

ture fluid) per unit area is taken to be

13



I, = I/(S+ + Sf) (7)
while the current entering the (-) electrode (- well casing) per'unit
area is taken to be

i_ = 1/s_ (8)

where I is the current injected into the (+) electrode. As long as the
measurements are made far away from the fracture, the (~) electrode is
sufficiently far away.from the (+) electrode, and the half-space has

a uniform resistivity, the above assumptions are reasonable.

'he area integrals in equation (6) are approximated by replacing
them by the appropriate line integral times a circumferential factor
or area factor. For an electrode, 3¢/3n”" in equation (2) is propor-

tional to the current leaving or entering the electrode per unit area. -

“fff(Cﬁirént'leaving is positive and current entering is negative.) Thus,

j+ P, on S and Se
3 (x7)
on’ =

-j_p, on S_ (9)

To finalize the development, the potential distribution, ¢ (x”) in
equation (2), needs to be determined. Briefly, the potential distribu-
tions on the electrodes are determined by the current distribution; a

10

more detailed account is given elsewhere. The potential distributions

on each conductor are given by

. 2]
¢+(z) = V; (pp]+/Ap)[(s+ + Sf)z - maz ], on S ,
¢, (L) - (ofj+/Af)[S£x - (h+t)x2]. on Sy X > o ,
¢f(x) -
s 2 .
6,(2,) + (pfj+/Af)[sf x + (h+t)x? , on S, x < 07,
b_{(=z) = v; + (ppj_/Ap)[S_z - wazzl, on S§_, (10)

where the subscript p and £ on p denote the resistivities for the well

casing and fracture fluid, respectively. Here a is the well casing



radius and h and t are the fracture height and thickness, respectively.

The surface areas S+, Sf, and S_ in Figure 1 are: S+ = 2na2+, Sf = Sf

+ SE‘_= 2(h+t)2” + 2(h+t)2””, and S_ = 2maf%_. The cross-sectional area
Ap and Af are given by Ap = 1T[a2 - (a—t‘)2], t” is the well casing thick-
ness, and Af = ht. '

Approximating the area integrals by a line integral times the
appropriate circumferential factor or area faétor, from equations (2),
' (3), (6-9), and (10) the potential ¢(x) can be determined., It is
convenienﬁ to express the results in ;erms of normalized variables where
variables are hormalizedvby‘2+, P, Ip/%, for the length, resistivity,
and potential, respectively. The variables in the following equation

are the reduced variables where in the previous equations
x+x/9,+, etC.,

p; > py/P

S ¢(£+/Ip) .

In terms of thé normalizéd variables the potential ¢(x) becomes

y = l bed
¢ (x) ‘<a/2>xfo dz"(g, + g )|, _ X,y =y,

1 - ’
2 : 3 3
-(a 2)f dz” ¢, (2°) (g, + 9| - _ - =
_ / o + + X =Xy Yy

+

| A
Ph+t)/2n]xjf dx“(g, + 9_)|y‘ =y, 2" =2, - h/2
-2

o,

| z(ht/zn)/%.

]
—
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where

2]—1/2

g, = [(x—x‘)2 + (y—y‘)2 + (z+z7) (12)

and

-1 (13)

A ='[2na + 2(h+t) (27 + z"q
The line integrals in equation (10) can be evaluated in closed form or
numerically on a computer. For brevity, the closed form of equétion (10)
will he omitted hcrec. o ‘

The potentials V; and V; in equation (10) are determined self-
consistently by solving equation (11) for points on the well casings at
Xx,, ¥y, (+ well) and at x_, y_ (- well) both at z - 0. It is noteworthy
that for the current injected at any other place than on (+) well casing
at z = 0, the expressions for the potential distributions on the elec-

trodes, equation (10), will be altered.

The experimental procedure used by Bartel, McCann, and Keck6 was
to compare potential gradients prior to and after the fracturing. To
model the experiment, the potential gradient calculated at the surface

(z = 0) at radii R, and R, along the same radial is defined by
8¢(8) = ¢(R;,8) - ¢(R,,8) , , (14)

where Rl < R2 as shown in Figure 1. The comparison of potential gradi-

ents before and after the fracturing is

V(8) = A4 (6) - 44 (6) (15)

after before

A plot of Vv(0) for selected Rl and Rz-and fracture length 27 + 277
are shown in Figure 2. For the calculations here the fracture is vriented
in the 90° to 270° direction. The various curves in the figure represent
the degree of asymmetry of the fracture. For the 0.50 curve, the frac-
ture is symmetric and there are two cycles within the 360°. The 1.00
curve denotes the total fracture in the 90° direction. Note that the
asymmetric curves (.667, .75, 1.0) show a change in potential gradient
to be one cycle for 360°, For an asymmetric fracture, the largest
negative value of the cycle occurs in the direction of the major part

of the fracture while the smallest negative value of the cycle is in
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Fig. 2 - Difference in potential gradient V(0) (after fracture minus before
fracture} as function of angle around fracture well; fracture is
along line from 90°to 270° with major portion in 9C°direction for
the asymmetrical fractures; R, and R, are radii at which the
potentials are calculated; normalization length is fracture well
depth £+ and normalization potential is pl/£+ V(0) defined
by Eq. (15).

the direction of the minor part. For these conditions, the induced
current was injected at the fracture well casing at the surface of the
earth. Calculations have been made for the current injected directly
into the fracture zone. The results for a downhole current source are
similar fo those for the current injected at the surface.

III. INSTRUMENTATION

The surface electrical potential data were taken by recording the
potential differences between 24 pairs of probes around the wellhead
(Figure*3): The 24 probes were placed circumferentially around the
well with an inner probe radius of 1800 feet and an outer probe radius
of 2800 feet for the Martin Hart and Salazar fractures and 4000 feet
for the UPRR fracture. Each probe consisted of a stainless steel rod
measuring 18 inches in length and 1/2" in diameter.

The induced current and the data collection was controlled from

an instrumentation van, A mini-computer initiated the entire sequence

17 -
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of one complete set of data measurements. The potential at each stake=-
pair location was transmitted to the van where it was measured and
recorded. Figure 4 is a block diagram of the instrumentation at each
stake-pair location. The output for 12 locations were frequency multi-
plexed onto one coax cable, and two coax cables carried data from the
24 stake-pair locations into the instrumentation van. For record
keeping purposes, these were referred to as A-string and B-string.

Each location was identified as Al through Al2 and Bl through Bl2.

The instrumentation van contained 12 subcarrier discriminators,
monitoring equipment, power supplies, and a mini-computer. The peri-
pherials for the mini-computer included an analog multiplexer, an A/D
converter, a storage disk, and a teletype terminal. Figure 5 shows a
block diagram of this system.
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The potential field was created by inducing electrical current
flow through the earth. Pulsed DC current from a series of batteries
was used. The direction of current flow was reversed during each mea-
surement to eliminate polarization effects. A three-second current
pulse was initiated, and after a one-second delay, each data channel
was sampled 20 times at 25 millisecond intervals. This procedure was
repeated for the reversed current flow. A large number of potential
measurements were made before, during, and after the fractures to
obtain good averageé. The potential for each position was taken as the
difference between the 'sampled positive pulse and the negative pulse.
The voltage and current used to create the potential field were measured
in the same manner. The output data are the normaliged potentials which

are the potential differences divided by the current.
IV. EXPERIMENTAL RESULTS

A. Martin Hart "E" No. 1 Fracture -- The massive fracture occurred

on November 18, 1975. Electrical potential measurements were made for

background and the main fracture.

The electrical potential probes were placed around the wellhead with
an inner probe radius of 1800 feet and an outer probe radius of 2800 feet.
Although the downhole current probe was available for use, an electrical
connection failure at the sinker bar required that the current he induced
directly into the wellhead at the surface of the earth. The return line
was attached to another well casing located approximately one mile to

the east.

A total of 29,400 gallons of pad fluid were pumped between 0750
hours and 0825 hours. Pumping for the main fracture began at 0830
hours and continued to 1430 hours. A total of 317,000 gallons of fluid
were pumped and 600,000 pounds of proppant used. A mixture of condensate
and water was used for the main fracture. Potassium chleride (KCl) was
added which placed the resistivity of the water in the range of .1 to .2

ohm-meter.

Field data have been obtained for background on November 17, 1975,
and for the main fracture on November 18, 1975. The induced current used
for creating the electric field was produced from a series of nickel-
cadmium batteries and was approximately 12 amperes. Electrical potential

data for the main fracture was taken at approximately five minute intervals



- beginning at 0530 hours and,éontinuing through 1640 hours. Only mea-
surements taken on the day of the main fracture have been analyzed.
App:okimately 35 data points takén‘pridr to the fracture were averaged
and used as the before-fracture measurement. Approximately the same
number takeh at the end of the fracture were averaged and used as the
after-fracture measurement. For convenience, a'mulfiplying factor of
100 was used. The potential comparison, V(8), is shown in Figure 6.

c
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Fig. 5 - Potential Comparison as a Function of Direction for the
Wattenberg Martin Hart E No. 1 Fracture, Nov. 18, 1975.

The data are examined after reduction and tabulation. A burst of
noise or a malfunction in the electrical potential system at the time
of making a measurement can cause noisy output. Because the mini-

- computer is used in the field, malfunctions that occur in the potential
measurement system is readily detected and repairs made immediately.
The noise which perturbates the system can vary over a large range of

" both frequenqy and amplitude. Noise is defined as any unwaﬁted signal
in the system. The noise produced by natural and man-made currents that
occur in the earth are the more serious to cope with. Extraneous earth
currents that degrade the data consist of telluric currents, currents
that originate from industrial sources, and natural local currents.

21
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Telluric currents flow in uniform sheets and cover large areas of the
earth. Their period can vary from less than a second to many days.
Industrial source currents are unpredictable in both amplitude and
frequency; however, the currents are associated mainly with power lines
with a predominate frequency of 60 hertz and its harmonics. Natural
local currents are produced by electrochemical reaction in the earth.
From this source DC electrical potential differences of 100 millivolts
to 750 millivolts have been observed in the field. The geographical
location of the fracturing operation will dictate to what degree the
noise will interfere with the .signal. Examination of the data is
necessary to eliminate those data points which are greatly effected
by noise.

in the case of the Martin Hart fracture, the southern side of the
recording array was compromised by a high voltage power line that created
excessive noise in the electronics and is, therefore, excluded from the .
plot. .

The data appear to provide a one-cycle change in potential gradient,
thus indicating an asymmetrical fracture was created. When compared
with the model calculations and treated as a homogeneous and isotropic
medium, the cycle minima appears to lie in the northwest gquadrant
indicating that this is the direction of the major wing of the fracture.
The limited data does not allow for a precise specification of frac-

ture orientation, other than in the general direction of NW to SE.

The data for the Martin Hart operation are presented in Table I
and Table II, Appendix A.

B. Salazar, G.U. No. 1 Fracture -- The massive fracture occured on

December 16, 1975. Electrical potential measurements were made on the

day of the main fracture only.

The electroniag gystem and the placement of the electrical putential
probes were the same as that used for the Martin Hart operation. However,
the data collected are the first obtained with the downhole current probe.
Because of the added resistance of the 12,000 foot line, the induced
current at the fracture zone for this operation was approximately five
amperes. The return current line was attached to another well casing

located approximately two miles to the west.



" Potential Comparison

A total of 29,400 gallons of pad fluid were pumped between 0900
hours and 0930 hours. .Pumping for the main fracture started at 0935
hours and ended at 1440 hours. A total of 312,000 gallons of fluid
were. pumped. The fluid mikture was similar to that used for the

Martin Hart fracture.

The data for the December 16, 1975, fracture are presented in
Table I, Appendix B. Electrical potential measurements were made on

the day of the massive fracture only.

The data analysis was similar to the Martin Hart analysis and a

plot of the results are shown in Figure 7.
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Fig. 7- Potential Comparison as a Function of Direction for the
Wattenberg Salazar, G.U. No. 1 Fracture, Dec. 12, 1975.

The - fluctuations in the data result from the reduction in induced
current by use of the downhole current probe, producing a low signal-to-

noise ratio. However, the data indicate that the fracture is asymmetric

and the azimuthal direction is from NW to SE with the major portion

extending to the SE.
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C. UPRR-22P Fracture -- The massive fracture occurred on January 27,

1976. Electrical potential measurements were made for background and for
the main fracture.

The test configuration and the electronics used were the same as
that used for the previous fractures with the exception that the poten-
tial probes were placed with the inner probe radius at 1800 feet and the
outer probe radius at 4000 feet. The downhole current probe was used
where a current pulse of 6.5 amperes was induced directly into the
fracture zone. The return current line was attached at two wells --
vne located approximately 1.5 miles to the northwest and the second
located approximately 1.5 miles to the southeast.

-Pumping for the main fracture started at 0840 hours and continued
to 1700 hours. The pumping fluid was consistent with the previous
two fracture operations where the resistivity of the water was in the
range of .1 to .2 ohm-meter.

The data - for the UPRR-22P are presented in Table I and Table II,
Appendix C. Field data were taken on January 26 and 27 of 1976.

Again, data were taken in approximately five-minute intervals in
order to obtain good averages. The data analysis was similar to the
previous tests and a "before" to "after" comparison made. A plot of
the results is shown in Figure 8. The data clearly shows a one-cycle
change, indicating an asymmetrical fracture was formed, and indicates
orientation in a NW to SE direction with the major extension of the
fracture to the NW.

A map showing the relative locations of the three test wells and
the orientation of the fractures is presented in Figure 9. The arrow
drawn through the well location indicates the direction of the major

portion of the fracture,

A further analysis of the UPRR data was made in order to determine
the progressive growth of the fracture as a function of the quantity of
pumping fluid. A plot ot the fracture fluid volume versus time of day
is shown in Figure 10. The result of the potential comparison is-
presented in Figure 11, where each curve represents an increment of
approximately 75,000 gallons of fluid. The growth away from the

southeast quadrant is clearly shown and represents the major fracture
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Fig. 8 - Potential Comparison as a Function of Direction for the
Wattenberg UPRR-22P Fracture, January 27, 1976.

lengthAbéing in the northwest direction; The reversal in the northwest
guadrant, between 150,000 and 225,000 gallons, is not clearly under-
stood but could be caused by the total fracture length being increased
while the_degree of asymmetry varies.

<

-CONCLUSIONS

Although the model calculation used for comparison with the
Wattenberg field data are for an isotropic and homogeneous earth, the
results are believed to be adequate in describing the behavior of the
surface potentials to the extent of determining azimuthal direction,
any asymmetry, and the directién of the major part of the fracture.

The model calculations shown that for a homogeneous earth, the
behavior and magnitude'df the surface potentials when the current is
injected into the fracture zone are similar to when the current is
injected into the fracture well casing at the surface. '
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Fig. 19 - Fluid Volume vs. Time of Day for the Wattenberg UPRR-22P
Fracture, January 27, 1976.
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Fig. 11 - Progressive Growth of Fracture as a Function of Direction
for the Wattenberg UPRR-22P Fracture, January 27, 1976.

:~ The results of the field tests indicate that the effect of the
fracture can be observed. The surface potential gradient technique
further indicates the capability to determine the orientation of the
fractures as well as ‘the ability to determine asymmetrical features
of the fracture. .

Comparison of the field data with the model calculations indicates
that the fractures are asymmetric, when treated as a homogeneous and
isotrobi@ medium, and are oriented in the NW to SE direction with the
major part oriented NW for both the Martin Hart and the UPRR, and to
the SE for the Salazar.

Further improvements in the diagnostic system, numerical model
studies and field instrumentation, should allow the surface potential
'tephnique to. characterize the dimensions of the fracture.

27



28

10.

REFERENCES

United States Federal Power Commission: "Natural Gas Survey, Vol. II,
Survey, Task Force Reports,” Washington, DC (1973). .

Randolph, P. L.: "Massive Stimulation Effort May Double US Gas
Supply - Part 3," World 0il (October 1974) p. 131-134.

Randolph, P. L.: "Massive . Stimulation Effort May Double US Gas
Supply - Part 4," World 0il (November 1974) p. 81-84.

Power, D. V., Schuster, C. L., Hay, R. G., Aand Twombly; J.:-
"Detection of Hydraulic Fracture Orientation and Dimensions in
Cased Wells," SPE 5626, presented at SPE 50th Annual Fall Meeting,
Dallas, Texas, September 28-October 1, 1975, to be published in the
J. Petroleum Technology.

McCann, R. P., and Keck, L. J.: "Massive Hydraulic Fracture Mapping
and Characterization Program: Surface Potential Data for Pinedale
'75 Experiments," SAND-76-0379, Sandia Laboratories, August 1976.

Bartel, L. C., McCann, R. P., and Keck, L. J.: "Use of Potential
Gradients in Massive Hydraulic Fracture Mapping and Characterization,®
SPE 6090, presented at the SPE 51st- Annual Fall Meeting in New
Orleans, Louislanha, Octoher 4-6, 1976.

Musket, M: "Potential Distribution in Large Cylindrical Disks with
Partially Penetrating Electrodes," Physics, Vol. II (1932).

Sunde, E. D.: Earth Conduction Effects in Transmission Systems,

Dover Publ. Inc., New York (1968) p. 1-94.

Van Bladel, J.: Electromagnetics Fields, McGraw-Hill Book Co,, Inc.,
New Vork (1964) p. /-16, 59, 73.

Bartel, L. C.: "Model Calculations of the Potential Gradients Used

in Massive Hydraulic Fracture Mapping and Characterization," preseunted
at the 46th Annual International Meeting of the Society of Exploration
Geophysicists, Houston, Texas, October 24-28, 1976 (submitted for

publication).



APPENDIX A

1

—TABLE 1

MATTENBERS -~ NARTIN WART WYDROFRACTURE

BACKGROUND-NOVENBER 1741975

Voot L
Vine ', i 0e - 15¢ 30° 45° 60° 75° 90° 105°. 120° 135¢ 150° 165°
xs-;l > T 169997 2.2956 2.16395 2,886 2.9222 3.1371 3.2100 2.8897  2.5693 2.2672  1.9457 1.9464
16323 2:0244 _ 2.3183 _2.1597 _ 2.8901__2.9352 _3.1361  3.2416 _2.8750_2.5684_ _2.3224 2.1917 2.0055 _
16424 1-9196 23060 2.17637 2.4913 2.9363 3.1376 3.2418 2.8803 2.5825 .2.2698 1.9986 2.0189
16827 1.9962 2.3075 2.)542 2.4941 2.9285 3.1369 3.2603 2.8282 2.6004 2.2515 2.2106 1.9985
16331 1.9997 2.3101 2.1587 2.4768 2,9338 3.1353 3.2562 2.8828 2.566b 2.2804 2.0532 2.1082
‘16433 ‘240013 2.3091_ 2.145%_ 2.4712 2.927U_ 3.1385 _3.2632  2.8803_ 2.5400_ 2.2872_ 2.2011 1.9529
16833 240027 T 2.3051 7 2.4432772.47967 2.92867 3.1350 3.2596 2.8925 2.5875 2.3352 .2.0611 1.9980
17147 20106 2.3225 _2.1756 _ 2.4891  2.937¢ '3.1432 3.2675 2.7752  2.5801 _2.3100 2.2276 2.057)
16340 T 2008977243137 T2.2067 72,4923 2.9317 -3.13167 ' 3.2556 2.8847  2.5174  2.282% 1.8879 2.0034
16182 2.028U 2.3078 2.1602 2.%842 2.9326 3.1405  3.2623 2.8875 2.6321 2.3388_2.1555 2.0416
16355 2.0188 2.3288 2.1333 2.4725 2.9242 3.1385 342579 2.7773 2.6016 2.3755 2.3426 2.0567
17320 20178 2.3182 2.186U  2.4852 2.9345 3.1397 _3.2575 _2.7751 _2.5658 2.2967 2.0733 2.028i
17253 2000558  2.3357 2.2200 2.08987772.9393 7 3.1462 3.2631 2.9323 2.5727 T 2.2660 2.1676 1.9813
17340 2.0220  2.3434 2.3581  2.4888  2.9351 3.1456 3.2668_2.9368 2.5808_ 2.3665 2.0953 1.9481
17353 2000997 2031967 2.45087.2.48967 2.935¢ 3.1461 3.2647 2.9304 2.58i4 2.4146 2.2168 1.9456
17158 240058 2.3366 2.1847 2.4869 2.9367 3.1%57 3.2657 2.9367 2.5811 2.3027- 2.2882_ 2,080
18:80 1.9988 2.3136 2.1842 2.5u52 2.9533 3.1483 3.2678 2.9349 2.5723 2.1279 2.0533 2.0728
10802 -« 1.9897 2.3263_ 2.1228 2.4706 _2.9293  3.1387 3.2626  2.9321 2.6116_ 2.4496 2.4092°_2.0866
B T an 20073 230377 2.2028 2.5003 2.9547 3.14bbk 3.2855 2.9338 2.56b7 2.3143 '2.2070  2.1475
© g8s08 _ - 2.0228 2.3189 2.1493  2.6775_2.9263 _ 3.1457 _3.2665 _2.9342 _2.6106_2.2508 2.1055 1.9818
"368309 109361 2.29561 2.28737 72,5158 2.9481 3.1434 3.2637  2.929¢ 2.5103 7 2.2366 1.9488 2.03G5
47848 2.0281 2.3368° 2.1866- 2.4897 2.9330  3.1422 3.2668 2.,9281 2.5738 2.3026 2.2425 20263
N VITY) 2.0031 ~ 203195 - 2,132% 2.4793 2.9348 3.1%26 3.2636 2.9359 2.5737 2.3605 2.1473 2.0909
17365 19916 2.3116 2.1756 2.8891 2.9402 3.143% 3 2657 2.9841  2.5304 2.3858_ 2.1707 2.0217
(e 1Y 2.00%1 2.3272 Z.1631 2.081% 2.93k2 3.16b87 3.2113 7 2.9394 2.5963 2.2761  2.1635 2.08487
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_ TABLE 1 (continued)

" BAGKGROUND-NOVEMBIR 17,1975

WATLENBIRG = 'MAKTIN HART HYDROFRACTURE

" 2.G64177L.9463

TiMc - e e et e
) 180° 1952 210° 225° 240° 255° 270° 285° 300° 315° 330°
16225 T T T T T T 2, 0350 T 109709 T Le3181 T 1479607 772.0704 2403307 7149769 1.9903° 1.8765 1.910% 1.9ub1
16323 2.039% 1.9589 1.3%84% 1.8372 2.U632 2.4387 1.9302 1.9960 1.8693 1.892% 1.9524
16224 77T TTTT T TUET TR IO 401528 2412681 2.0336 7 1.8966  2.08+43 241004 149539 Z.owll 1.9527 1.8737 1.9377
16127 1.9620  1.9378 2.0001 1.8uls  2.093% 2.0937 1.9798 1.95656 1.8332 1.8585 1.3425
16331 2e1I2T 24087 2.022T 108217 2006797 2.1G0377 1.930%F 200057 1087097149103 7 1.3423
16133 ) 24L527 1.9039% 1.3352 1.7716 2.0333 2.0%6U 1.93505 2.0157 1.8933 1.8901 1.3429
16235 ° TTTTTTTITITIETOTTIT T 206696 241135 1.5088  1.8251 2.8721 2.3939 1.9658 2.0309  1.5127 1.8890 1.9436
17317 2.629%  2.0422 1.9796 1.8C57 2.0793 2.3321 1.3709 2.0120 1.8777 “1.86556 1.3451
16240 TUUTTUTTITITTTIT T T 149005 148922 2.0598  1.8340  2.584Y  2.3346  1.39785 1.907& 1.85Y3 1.8925 1.9433
16142 : 2e015J 241323 2.0734 1.7892 ¢.0709 2.0362 1.9763 2.u233 1.9230 1.845) 1.39472
163535 2eU770 2.053% 2,035 107603772, 0068 7 200945 T1.9723 7240117 T 1.59326 1.3367 T 1.%429°
17820 241150 24007+ 1,9335 1.8160 2.U890 2.0869 1.9703 2.01G6 1.89/7« 1.8915 1.943¢
17853 o oTTT o TT 240432 2.016% 2.0412 1.83(6 2.304( 2.39i4 41,9754 2.0155 1.9266 1.8831 1.3436
17848 €.U137 2.U683 2.0525 1.8401 2.9939 2.095% 1.9/59 2.0131 1.91u9 1.8845 1.34E6
17355 B C Qo152 240403 2.0642 1.8L07 2.0933 2.0978 "1.9777 2.ul23 1.92'6 1.89G5 1.30443
17358 2.348 2.3293 2.1265 1.8797 2.G787 2.0943 1.9765 2.01(2 1.9134 1.8938 1.9453
T 18:3) Cei530 T 2.4821 2 01387 1L88397 2.0894 2.83507 149653 772.0131771.5138771.8773 T1.36405
18862 24332 242443 240279 1.7590  2.57860 2.09639 1.3F19 2.uléb  1.9223 1.8710 1.3447
13303 77 T OUTUTTTITTTTTITTTTTT fu1u2l 242312 148376 LWTBLL 0 24037339 409137 71.973Y 72401167 1.9103° 1.8507  1.9w32
1818 24U60¢ 1495498 2.0298 1.8503 2.0962 2.06353 1.3775 2.0143 1.9279 1.5796 1.9473
18349 T UTTTTTTUUTTIITT T T 10G06h 0 149229 2410737 1.8787 241050 T 240943 714930277 240167 T 1493137 1.8733  1.3413
17148 Zelu/d 2.0230 1.9592 1.8091 2.0932 2.0307 1.3754 2.0132 1.8955 1.8769 1.3471
717143 13323 “2.UuUs5 T2.0336 71,8456 2817 T 200346 T EVITTOT 200150 1493557 1.89657 71,9474
17345 2.16/9 2.082: 2.0054 1.4100 <2.0809 2.0352 1.9765 2.0171 1.9262 1.8943 1.9478
17847 T T s e 00955 1.8252 2457787 2.0921771.97337°2.0113° 1.9137 "1.8651 1.9435

345°
1.9877
1.394i
1.9812
1.9818

1.3821 7

149804
1.9818
1.934%
1.3860
1.9879

1.9763

1.983%
1.9870
1.983.
1.9822

1.9855 "

1.9835
1.38¢9o
143833
1.3843
1.48L5
1.9937

1.3673
1.9875

"1.9846
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TABLE II

WATTENBIRG = WARTIN HART HYDROFRAGTURE

. R FRACTURE-NOVEMBER 18,1975

TIE . .0° 15¢  30° 45 60° 750 90°  105°  120°  135°  150°  165°
s33i 2.0088 2.3305 2.2682 2.5111 2.9382 3.1538 3,2640 -2.9285 2.5122 2.1488 1.8677 1.9348
__313s8 T 29026  2.3382_2.1531 _2.4663 _ 2.895% _3.1595__3,2685__2.9346 _2.5653 __2.3803 _2.0862 2.0479 _
$360 : ’ . 2,039  2.3215 2.1690) 2.0685 2.9152 3.1487 3.2635 2.9301 2.5737 2.3213 2.2564 2.1546

‘5348 1.9838  2.3328 2.1713 2.4887 2.9378 3.1433 3.2598 2.9219 2.5629 2.3506_ 2.1813__2.0092 _
5159 . 1.9648 2.3315 2.148) 2.8737 2.9147 3.1696 3.2662 2.9329 2.6006 2.3423 2.0245 1.9509
__5155 249890 __2.3450 _2,1943_2.e771_ 2.9333 _3.1565 3.2704 __2.9378 _2.5938°__ 2.2872 2.1784 2.0136
6300 ' 199017 243446 2.1976 2.4894 2.9345 3.1509 3.2697 2.9315 2.5763 z 3793  2.1436 1.9486
_ 6885 _ 19983 2.32645 2.1826 _ 2.8901 2.9350 3.1439 3.26456 2.9255 2.5334 _2.4810 2.0148 2.0296
T esse 143526 243006 2.1907 2.648L4 2,939 3.1492 3.2668 2.9318 2.5702 2 1923 2.1364 2.0831
6113 1.9803 2.3255 2.1555 2.4507  2.9292 . 3.1521 3.2729 2.9379 2.5775_ 2.3425  2.1368  2.1875_

T enzd 19551 243225 2.1739 2.4811 2.9435 3.1524 3.2707 2.9339 2.6045 2.3798 2.2952 2.0853
1 T3 a 2.0228  2.3817 2.1855 2.5008 2.9606 3.1709_3.2885 2.9520__2.5977 _2.3157 _2.1140 1.779C _
6438 260779723749 2417317 2.5094 2.96646 3.1815 3.2996 2.9645 2.6178 2.3163 2.2841 2.G836
6335 240129 _2.3574; 2,1923 _2.5086 2.9559 3.1763 3.2931 2.9548 2.6260 2.3036 2.2300 2.0327 .
RIY N 2.0388  2+3606 2.2198 2.5221 2.9565 3.1665 3.2853 2.9461 2.55G7 2.3110 1.9666 1.9893

6185 1.9979  2.3123 2.15634  2.4828 2.9333 3.147%1 3.2657 2.9292 2.5693 2.4105 2.3283 2.1083
6350 2.0137 2.3317 2.1616 2.4917 2.9287 3.1501 3.2677 2.9313 2.5687 2.2948 2.0609 2.0124
8155 1.9086  2.3179 2.1779  2.4923  2.9420__3.1537 _3.2699 2.9330__2.5704 _2.3720 2.1281 2.0411

— ra60 ; 20008 2.3330  2.1608 2.46%6 2.9260 3.1695 3.2692 2.9310 2.5908 2.2509 2.0766 2.G837
7810 2003351 2.3278  2.1546  2.4896 2.9381_ 3.1508  3.2689 2.9288_ 2.5910 2.2238_2.1736 _2.0917

TS 2:0071 23278 2.15692 2.udkb 2.9358 3.1495 3.2699 2.9456 "2.6040 2.2506 1.9528 2.0314
7828 2.022% 243216 241569 2.4935 2.9333 3.1484  3.2672 2.9307 2.5860 2.4648 2.1746_ 1.9969 .
7528 2.0419 2.3052 244789 2.4815 2.9351 3.1527 3.2663 2.9257 2.574¢6 2.3879 2.3846 2.1080
7330 - 1.9947 _ 2.3056_ 2.1705 2.4648 2.9326 3.1450 3.2642 2.9273 2.5571  2.3000 2.2887 2.0374

D 4 ¥ {4 . 19790 243437 2,175172.4789 72,9336 3.1483773.2690 2.9338 2.5009  2.3719 2.1731 2.0814

7988 . 240039 2.3206 2.2018 2.5649 2.9390 _3.1516 _ 3.2656__2.9220 _ 2.5525_ 2.4187 2.3949 2.0672
~ 7858 20029 243271 72.3074 2.0088 " 1.9863 1.9420  1.8779 1.9451 2.06199 1.9722 2.6G85C 2.0860

; 7455 g t pumping 149927 2.3139 2.1904 2.4780  2.9299 3.1442 3.2660 2.9247 2.5812 2.2882_  2.0980  1.9701
T 8300 2.0026 2.3130 2.1505 2.e723 2.9826 3.1386 3.1999 ¢2.92b6 2.5767 2.2306 2.1137  2.0772°
8303 1.9769  2.2952 2.1869 2.4730 2.9185 3.1269 3.2122 2.8987 2.53519 2.2997 2.1723 1.98¢5

8310 9776 2 3007 T2 1990 T 2.4766 7 2.91697 73,1269 3.2219 7 2.9243 2.5627  2.2129 ~2.2145 1.9835
8115 : 1.9809  2.3115 2.1605_ 2.4730 _2.9163 _3.1300  3.2207 2.9159 2.5592 2.2700 2.1170 2.0187

#8320 - 199967 23035 2.164637 2.463b 2.9230 3.128b6 3.1182 2.7075 '2.5584  2.3326 1.9693 2.0004
8130 2.0170 2.3174  2.1180 2.432% 2.9326 3.1453 3.2362 2.8597 2.57493  2.2939  2.1306  1.9987
8340 1.9955 2.3156 2.0581 2.4726 2,9260 3.1389 3.2829 2.8713 2.5730 2.2461 2.1108 2.5445
8145 2.0045 _2.3202  2.2141_2.6783_ 2.9354% _3.1470 3.2622 2.8576 2.5329 2.4492 2.0905 2.018%

T 8150 : 200095 7 23304 201704 2.47557 72,9207 T 3,137973.2366  2.8644 2.6043 2.2325 2.0943 1.8671

_ 8155 54,600 gal. 2.0091  2.3346  2.2056_2.4819 2.9290 3.1412 3.2394 2.8598 2.5544 2.3518 2.1471 2.0331
9100 200116 203269 2.1427 7 2.4855 '2.9252 3.1431 '3.2430 2.8690 2.6003 2.1967 2.1917 2.0666
9105 1.9869 2.3159 2.1972 2.4473 2.9349 3.1431 3.2428 2.8644_ 2.5638 2.&725_ 1.9704 1,998
9310 2.0148 243207 2.20356 2.b75b 2.937% 3.1671 3.2436 2.8689 2:5676 2.1802  2.1471  2.1208
9115 : 1.9980  2.3189 2.1432 2.4851 2.9248 3.1436 3.2408 2.8683 - 2.6025 2.1790 2.1189 1.9878
9120 19676 2+3130 2.19%2 z.~7§7 2.9286 3.143% 3.2393 2.057L 2.5733 72.35537 2.1543° 1.9332°
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TABLE.fI_(;og,;puegL

HATTEN

EIR5 . -

FYACTURI-NOVEMBIR 18,1975

MARTIN HART HYDROFRACTURE™ ™"~

TIME

3:25
9:30
4y
9145

15¢°

T 959
9155
10:03
1038L5
13215
13:29

96,600 gal.

T 16225
103482
10:35
10340
1d:45
102 Eg
149355
11:00
11:65
11349
11365
11859

11355
12383

153,300 gal. _

12305 200,000 gal.

12319
12:15
12823

Tttt 28300 T

12335
12343
12345
13:09

13105 252,000 gal.

15210
13:18
13:25
13:30
135333
13345
T 13355

14305 305,000 gal. _

14210

30° 45¢°

60°

135°

150°

2.100¢
1.9¢012
2.0609
2.0Ub5

T2.2374

0° 75° 90° 105° 120°
200212 2.3310 242142  2.4537 2.9549 3.1437 3.2468 2.85€5 2.5497 2.5357
Z2eUlu2 2.8322 2.1731 2.45312 2.5¢07 3.1436 3.2453 2.8749 2.6225 2.0818
T 2.0023 203165 261746 2.4937 £.9337 3.1%32 3.2391 2.8539 2.5357 2.288w
CoUudB  2.8211  2.1713  Zewbl4  2.3282 3.1332 3.2392 2.859L 2.5743 2.3415
20U 35T 20347 2023227 T2a% 383 2.9307 T 3.1%ib 3423137 2.84u5 0 2.5473 0 242153
200180 2.3298 2.2432> 2.4792 2.9453 3.1366 3.2%08 2.8543 2.5543 2.2122
Tee0buv 243310 2.1633 2.5.2%  2.9¢54  3.1%533 3.2329 2.864¢4 2.6335 . 2.1433
a2l 2.325% 2.1670 2.4390 2.941¢ 3.1408 3.2432 2.8640 2.5831 2.3298
1+9300 2+322+ 201412 2.%043 2.91386 3.1300 3.2374 2.8533 2.5333 R2.4812
2ould  2.3342 2.1545 2.wd416 ¢.920b 3.138b 3.2391 Z.8505 2.49L4% 2.3565
Ze0182 23318 2.¢051 2.4639 2.9304  £.1376 3.2375 2.8591 2.5685 2.i324
¢edil3 2.8135 2.2013 2.3893 2.331% J3.1375 3.2392 2.8580 2.564¢ 2.2133
ColiGo? 248203 2.122n 2.473% € 9246 3.137b  3.2335 2.387¢3 2.6)24% 2.19:8
2.0115 2.338U5 2.1948 2.4707  2.49243  3.1351 3.2375 2,858 2.5641 2.1525
2ebu3o 203327 2.2045 2787 £.9273  3.:36% 3.2363 2.8562 2.5421 Z.0434
1,998 2.3273 2.2330 2.497% Z.9453 3.1384% 3.2.30 2.8570 2.328% 2.219Y
1090697 720235707 2ak0l . T 244720 2495917 3413437 3.2592 7 248552  €.37.2 7 2.1683
€ U273 248398 2421k 2.%815  2.9Y247 3.1307 3.2324 2.8539 Z.%697 2.59¢3
13743 2.33505 2,2037 2.48%3  2.93112  3.12%9 3.2:61 2.850u 2.5531 2.J1085
coUlll 2434358 2.1497 2.+Y1h  C.9354 3.2337 3.2681 2.8747 Z.9958 1.8791
199088 2.8215 2.2291 .47c3 &.94lo 3.1356 $.23195 2.8621 z.5042 1.8592
2008313 2.3+12 2.13d7 2.5.:17  2.9231 $.13/70 3.2291 ¢.8u95 2.5791 2.2873
colbdn2 2eSaln 241736 2.473Y9 249673 T3.1365 3.2411 T 2.30641 2.5323 2.34b62
2oL/ 2.3213 2.2301 Z.4303 2.437/ 3.1350 3.2369 2.8459 2.5555 2.9<¢30
Zeull] 248317 2.2123 2.4733 2.3¢39 3.1390 3.2426 2.6711 2.6016 2Z.4011
ZeGUld 243203 2.1847 2.3111 2.3442 3.1430 3.2460 2.8086 2.59Gu 2.3215
ZeuSSs 2.8Sws 241432 2.eTib 2.9215 3.1380 3.2419 2.d640  2.63¢d4 2.4183
1e93lo  2.43B4 2.10LY 2.4/50 2.9213 3.1356 3.2873 2.8572 2.38/% 2.45639
2eul6d T 22347 2.1839 T2.8705 2 9587 T 341897 TT3.2595 T 2.85517 2.5643 2.3377
1.9905u 2.288L Ze207v 2.4078 2.930 3.13t0 3.5336 2.8515 2.5253 2441386
2eU356 2+v3%u7 241036 2497850 249227 3.1332 3.2383 2.8635 2.5791 2.4735
2.0udy  Z.5220 241750 249337 249383 3.4%07  3.Z3u2 2.8b42 2.5725 2.45651
T 2el219 243136 24137+ 2.485¢ Z2.95:0  3.1331 342397 2.8020 2.61063 2.3787
Colund 2.5+3% Za1338 2.48G3  2.3595  3.183L 3.2412 248620 2.5477 2.3435
Teebive  2e35825 T Ea1303T 200837 T €3¢S5 T 3.1356 7 3.2506 77 243596 2.5855 7 2.2612
149998 2.2988 2eZ23+v 2.4839 22,9205 341374 $.2379 2.8547 2.5455 2.2961
2.0138 245173 242541 2.5254 2.9519  3.147L 3.2521 2.8775 Z2.5545 2.2928
Ceid0Z 2.2822 2.2053% 2.473d 2.3269 $.1283 3.2422 2.80w1 2.5570 2.3668
Leb 720 2+410%E 241970 2.51%5 2.9377 3.1455 3.2528 249733 2.5608 2.4037
ColUl9h 205234 2.23L1L 2.4838 2.33517 3.133% 342373 2.8523 2.5116 2.3627
TeeUCUL T 2433257 T 2.15187 7 2.485% 2.9172 7 T8.1320 82351 246572 2.5871 Z.5460
Zoddow 2.299% 2.1638 2.4733 2.9239 3.1322 3.2330 2+8565 2.5797 2.4b2%
T ee0103 2434247 2.2078 77 24873277 2,938 73,4423 T 302450 280097 2.5772 2.4712

1.6825
2.3737
2.7357
2.1Cl44
2.14c2

2.3084%

2.1589
2.3325
1.9222
2.1873
2.1762
2.2503
2.3184
2.0973
2.0378
2.0909
1.9212

1 2.1253

241523
2.3182
2.28u5
2.1834
2.1511L
1.8273
1.7539
2.2854
2.0007
2.3612
2.30679

242513

2.3564
2.¢993
2.19561
2.582¢
2.620638
242956
2+9457
2.U862

163°
243633
2.3ue?
1e385:

2.09705

149587 7

2.0693
2.5301%
2.078¢%
148433
2e01%4

2.3381

1.8977
201595
1.9¢5%

149347 .

2edbul
2+1512
1.8335
1.9133
2.17351
1.330¢
1.97835
245083
2.G8Y91
2..320
2.0643
2.0733
2.065%1
2.0877
2.06709
2.39(5
1.78ix
241527
ZelutS
1,33
1.94¢3
Celiend
241547
E.2225
2,030
1e3ib
2etldl
25962
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- TABLE II {continued) -
WATTENDBIRS - MARVIN HART HYDROFRACTURE
FRACTURE-NOVEMBER 18,1975
TIME : —
0° 15° 30° 45° 60° 75° 90° 105° 120° 135° 150° 165°
14315 T 240304 2.3140 2.1552 2.4898 2.9384 3.1327 3.2370. 248590 2.6074 2.3533 2.3673 1.9952
14320 240192 -2.3079 2.1339_ 2.4587__2.9172__3.1288 __3.2282 _2.8477__2.5659  2.4190 1.9758 1.9610
14325 19817 22865 242538 2.4785 2.9290 3.1266 3.2230 2.8616 2.4973 2.3947 2.2850 2.5203
14330 2,040  2.3206_ 2.1776 _2.4b69 2.9257 3.1364 3.2445 2.87/19 2.3452 2.8795 _2.2641 _2.3125 __
14135 : 1.9853 2.2806 2.1333 2.4512 2.9192 3.1296 3.2331 2.8530 2.5791 2.3085 1.9929 2.2422
14340 Stop pumping 1.969%  2.2932 2.153i _ 2.0642  2.9211 3.:27& _3.,2315 2.8568 2.5382 2.3130 1.7795 2.0588
1434 1.9848 2.2809 2.1838 2.4606 2.9297 3.1276 3.2339 2.8539 2.5651 2.2938 2.1379 2.199i
14350 Total Volume - 3.7,000_gal. 1. 9736 2.3055 2,1829 2.4557 _2.9089 _3.1156 3.2214 2.8375 2.5750 _2.3043 2.2122 1.9020
14355 19623 2.2761 72,1387 T2.4556 2.9:16 3.1le7 3.2173 2.83C6 2.5536 2.3275 2.4348 2.341%6
15100 1.997% 2427714 ~2.17395  2.4555 2.9117 3.1173 3.2231 2.8424 245476 _2.4277 _2.3341 2.0695
15805 1-9810 22625 2.1615 2.4862 2.9146 3.1i99 3.2248 2.8532 2.5611 2.3564 1.9995 1.9343
15810 1.9758 2.34%0 2.1652 2.4496 2.9170 .3.1256 3.2258 2.8482 2.5737 2.380% 2.0127 1.9404
15315 149681 243233 2.2033 2.4702 7 72.9188 3.1204 3.2274 2.848B8 2.5493 2.3221 1.8174 2.0371
15320 ~ _ 149958 2.2882 2.1408 2.4424  2.9014 3.117% 3.2278 2.8477 2.5719 2.3802 1.8246 1.9676
15338 19772 2.2616 2.1115 2.4432 2.9575 3.1187 3.2242 2.8443 2.5393 T2.5143 1.7753 1.7961
15840 1.9652 2.3G86 2.1628 2.4492 2.9183 3.1241 3.2229 2.8471 2,5205 - 2,3499 1.9645 1.9603
15844 1.9845 23054 2.0832 2.4721 2.9119 3.1242 3.2300 2.8619 2.5652 2.4738 2.3303 1.9340
_____ 15846 _ 1,9839  2.2959__2.163Z 2.4663_ 2.9078_ 3.1217 3.2279 2.8493 _2.5675_ 2.3320 _2.1057 1.8650
15348 199878 202962 2.1423 2.4581 2.9085 3.1196 3.2261 2.8517 2.569% 2.4b665 2.2248 2.0063
15151 1.9667  2.2952  2.1728 2.4666__2.9198 3,1298 3.2287 2.858L 2.5517 2.2434 2.5270 2.0605
16315 2.0057 2+2984 2.172% 2.48b65 2.9268 3.1334 3.2273 2.8391 2.5369 2.5L46 2.2723 1.7757
15156 1.9802  2.2984  2.1314  2.4760 2.9103_ 3.1175 3.2216 2.8360 2.5348 2.5540 1.9205 2.1363
15158 1.9702 "2<2841 2.1595 2.4582 2.9379 3.1202 3.2224 2.844d 2.5599 2.3356 1.6433 2.0031
16300 1.9965 2.3029 2.1673 _2.4572__2.9115__3.1206__ 3.2254 2.8511 2.5541 2.40L21 2.2261 1.9873
16305 1e9e2 2031012 2.157% T 2.47327 2.9.847 3.12417 3.2247 7 2.8455  2.5456 2. 4589 1.9593 2.1271
16308 2.0U11 2.3116 2.1488 . 2.4489 2.9u95 3.1228_ _3.2251_ 2.8432 _2.5782 2.3451 2.16631 2.1943
16310 16984 242803 2.1950  2.4550  2.9167 3.1250 3.2352u 2.83069 £.56d1 2.2521 2.2G83 1.9908
16312 1.9840 202924 2.1477  2.4587 2,9115 3.1280 3.2295 2.8558 2.5588 2.4037  2.4649 2.1303
15315 1.9885 2.2848 2.1642 2.4656 2.9179 3.1172 3.2206 2.8412 2.5682 2.3874 2.1075 2.911)
15320 1.9/45 2.3Ut9 2.1771_ 2.4757 _2.9119 _3.1233 3.2299 2.8536 2.5600 2.3786 1.9355 1.9574
15322 109289 2.3040  2.14387 2.6837 7 2.9186 73,1274 73.2293  2.8488 "2.5536  2.4216 2.35b2 2.0712
15824 2.0U95 2.3189 2.1635 2.4836 2.321i4 3.1262 3.2280 2.8524 2.5751 2.3927 2.1218 2.0547
15827 TTTT240112 T203071 T 2.1536 7 2.475377 2.9104  3.1260  3.2274  2.854: 2.5571 2.3465 244827 2.5300
15829 1.9871 2.2837 2.1736  2.4097_ 2.9241 3.1258 3.226b_ 2,B439  2.5513 2.4309_ 2.1755 2.0336 _
T 15132 1.980l 2.3251 2.1877 2.45c¢d  2.9150 3.1207 3.2221 2.8378 2.56Z3 2.3596 1.6993 2.029%
15834 1.9844 2882 241742 2.4503 _2.9146 3.1245 3.2276 2.8550 2.5333 2.3513 2.1348 2.1524
16336 T T 149836 242900 2.1678 2.448b 2.9093 3.1216  3.2278 2.8462 2.5883 2.2007 1.9816 2.0441
16337 _ . 1.9765 2.2937  2.1586 2.5028_ 2.9218 _ 3.1297 _3.2302 2.8527 _2.5404 2,4761 2.1275 1.9383
149659 2.2850 241759  2.4497 2.9168 3.1233 3.2265 2.8667 2.5784 2.5771 2.G893 2.091i8
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__TABLE II (contirued)

WATTENBERS = MARTIN HART HYDROFRACTURE ™ =7

" FRACTURE-NOVEMBIR 18,1975

TIHE 180°  195°
53131 B T T T 1.7762 7 149050
5145 2.2168 2.1414
5340 h Zeloll 242358
5145 c.1829 2417838
5350 1460485  1+8774
3155 1.9049 2.0355
6309 1.673:c 1.9049
6135 2.0225 1.9¢57
0:1) 1+948, 2.1101%
51153 2-4lUd  2.1137
3329 Zelloo 241339
0129 Zoulids 1.3438
6130 QeSvetl 201941
5235 2.1223 2.3720
RN 1e95uc  1433¢Y
6L 2.3180 2.21336
6:39 CoebBly ™ 2404477
usss leloub 2.10238
7:33 t TTTTTTTITTITT T 2elwto T 2403382
711y 1.9+96 2.11lub
7115 TTTTTTOTITITIT T caugile 2.402
7325 €v3315  L.339e%
7125 T T T 20254 240 804
7330 Zelutu 1.9757
7335 2elddu 2.03815
7:45 109735 235330
7150 1780 2.0G1
7355 sta]_:t-puj'nplr}g___A_ . Zelin ib( “.Zo)ZfiBw_
B81ud z.U120 T2 1148
8:05 1e8542 13332
d:19 - le59d: 2.J143
4:15 1+8,75 240456
8129 Celdun 244334
8333 Cruv2h 243742
84y T Tee1ib3 T 2413527
8245 2e2uv2 241349
8:51 2.U325 1.3539
8:55 54,600 gal. 2e0749 2.3v306
J1u0 2eusd?l Z.uoil
9365 Lel2uw 241255
919 ~ T T T Z.z399 2.1030
3:15 £e1359 2.1382
9329 T Tt T - " 2.9916 2.is46

210°

225¢

240°
2.50622 1.8425 2.:3586
2.0589 1.83431 2.0786
1.9282 1.8451 2.1365
2.032> 1.8359 2.u32¢2
1.9919 183477 2.089%
2.0330 1.8576 2.0750
2.052. 1.855¢2 2..0837
1.9625 1.82335 «<¢.uB58
13377 1.8845 .0571
2.07354 1.8593 2.0716
2.035% 1.8%z0 " 2.13210
2.0+d35 1.8319 2.14565
1.3059 1.70493 2.1277
20757 1.7853 2.i033
2.098> 1.843& 2.1:55
2.0430 1.8173 2.6/798
2,127 1.811272.07377
2.0039 1.8281 2.G0d54
2,0183 1.7818 2..573¢
2.04d238 1.79 5> 2.u313
2.0+41v 1.7736 ¢2.9757
1.3bsd  1.7397 2.3753
2.3iv0  L.7637  Z.0629
1.93d% 1.7878 2.5651
2.3373  1.7990 2.uldb
o018 .80l 2.0773
2.0240 1.31b1 2.9754Y
1.9339  1.7918 2.0737
1.9340 1.74953 2.3759
1e390623 1.3.15 2.43+0
1.9220 1.0udd> 2.utdy
£.9974  1.753%  z.u531
1.9482 1.779Y35 2.3035
2.Udde« 1.87v2 <.0353
2.03187 L.32027772.33892
2.6315 1.78%2 ¢2.3747
1.3337 1.7153 2.4/54
2.98d%  1.8387 £.53¢8
Le9022 1.7990 2.u827
2,773 1.855% 2.0022
T2.0143 1.8399 TZ.1534
1.9752 1.771%  2.577%
“1.9429  1.8297 72,9832

255°  27¢°

2.03060 1.9€93
2.0812 1.9703
2.0923 1.97¢5
2.0833 1.9888

285°
2.3238

2.0054
245045
2.0849

T2 03777 1.9296° Z.uubl

2.0853 .9074
¢.0396 1.9098
é.0827 1.9075
2.0783 1.9698
¢.588% 1.9e8«

2.1514  2.041L
i.1528 Z.0413
2.1416 2.02t5
2.12642 2.5G13%
2.53942  1.971s
T2 0805 771.968577
2.6853 1.97%6
2,082+ 1.%0’'8
2.38606 1.97:i¢
2.3303  1.9uL85
2.0305 1.3087
2.03%9 7 1.9721
2.5875 1.3587
2.067/8 1.906f1L
2.6945 1.9754
2.692¢ 1.9737
2.6871 1.35:2

TTeet991 71907277

2.6751 1.96%%
2.0598  1.9u4u
2.6755 1.9682
2.00623  1.949y
2,097 1.9725
2.6387 1.38779°
2.39G67  1.9758
2.3395 1.94:9
2.082%  1.9599
2.1056 1.93.L8
2.0951  1.981¢

72410865 1.3820

2.3905 1.9727

2.0038
240.65
2.0u49
2.4036
2.0ub4b

TT2.03057 1.97602 7 2406637

2.0763
2.6LbC1
2.Gol%
2.3%40
1.9919

2.006457

1.9985
2..345
1.9902
2.0639¢
1.992¢
2.33807 7
1.9332
1.9%45
2s0L 49
1.9933
2.0624%
1.95%0
2.6177
1.3519
2.6L38
LeG9ve
t.92¢c1
1.33637
143365
2.9119
2.3569
2.0530
2.005¢2
1.9774
2.0168

T2.1089771.9873772.,0308 7

315°

300°
1.9066 1.8932
1.9171 1.8/75
1.9178 1.8736
1.9121  1.8b48
1.9115  1.3570
1.9217 1.8859
1.918¢ 1.3.75
1.910G6 1.8633
1.5233 1.8782
1.9148 1.8&31
1.9655 1.8348 .
1.9804 1.9351
1.9926 1.9415
1.9635 1.9404
£.96139 1.9176
l.9221 1.8485
1.94385 1.891C7
2.9165 1.8926
Z.9333 1.4556
29041 1.8/9%
249274 1.9159
1.9098 1.3358
2393037 1.0450
1.4589 1.3606
1.3665 1.8579
1.925¢ 1.8892
1.8976 1.8722
£.94935 1.873b
T1.8765 T 1.8589
1.91:2 1.851%
1.8920 1.8787
1.91686 1.3621
1.83%7 1.48v25
1.4425 1.9059
1.865277 1.38819
1.3765 1.9.15
1.8937 1.9639
1.3217  1.3287
1.8911 1.8768
1.8821 1.3521
1.871%  1.8833
1.33.5 1.8619
1.88956 1.8466

330°

1.%%c0
1.9489
1,357
1.9450

“1.9416

1.93906
1.3438
1.9455
1.34067
1.9385

109647

1.9574
2.0168
1.9364
1.9376
1.9503

1.9453

1.9454
1.9367
1.9485
1.9641
1.9%52
1.49379
1.3481
1.9481
1.948693
1.9419
1.3383
1.932+
1.9188
1.9¢9G
1.3877
1.9217
1.9463
1.9375
1.93452
1.9570
1.9515
1.9509
1.5%34

T1.949¢

1.95¢3
1.3379

345°

1979~
1.9833
1.%85%
1.9757

1.9660

1.9¢623
1.9734
1.9793
1.989338
1.9647
1.9776
2.0102
Cellbel?
2.0303
2.3206¢
1.9576
1.9831
1.977:3
1.95350
1.9932
2.5199
1,983
1.9911
1,993
1.977%
1.9656
1.9754
1.37c%

1.93w0
1evyd3w
LeGec3

1.5727
1.3800

1.3831

1.3741

1.58:13

1.39%33

1.8538
2elcd
1.3855
1.3872

1.5804
1.9782
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_TABLE II (continued)

WATTENBIRG - MARTIN HART RYDROFRACTURE . -

T FRACTURE-NOVENSBIR 18,1975

TIHE 180°  195°  210°  225°  240°  255°  270°  285°  300°  315°  330°  345°
9125 1.784U 2.1054 1.9788 1.8245 2.0913 2.1012 "1.9855 2.0351 £.9012 1.9010 1.969+ 1,993
9833 _ 108931 241273 2.2135 _1.9797 _ 2.0914 2.1051  1.9853 _2,0141 1.93i6 1.8669 1.9522 1.9879
9140 2.U272 2.3999 1.9733 1.56978 2.0829 2.1030 1.9828 1.9977 1.8336 1.85673 1.9492 1.9892
3145 1.8756 2.0830_ 2.07%1  1,8775 2.3833 2.1633  1.9784 1,9985 1.8715 1.8539_1.94756 1,983 _
9150 1.707/ 1.7826 2.3785 1.8107 2.0801 2.0926 1.9826 2.0470 4.9333 1.9122 1.9553 1.981¢
. 9355 96,600 gal. _ 201993 23355 2.0856_1.9553  2.06937 2.1(838 1.9863 2.(G38% 1.8352 1.8863 1.9560 1.989)3
16360 2.0697 1.8552 1.87297 1.7002 2.04875 2.0887 1.9766 2.0305 1.8993 1.8821 1.9477 1.9955
103(5 L _ . 2e1843 1.8487 1.9871 1.7261 2.1.9b 2.0962 1.9303 2.0290 1.8835 1.8593 1.9563 1.9774
10815 2.03u2 2.801« 2.3354 1.8331 2.0907 2.1008 1.9752 1.99i4 1.8688 1.8746 1.9479 1.9978
10820 1.8518  2.0342 2.0402 1.8607  2.1132 .2 1.9464% 1.9923 _1.37C1 1.8992 _-1.9526 1.9310
13125 . 2.0541 2.u537 2.1237 1.8935 2.0957 2 1.980G 2.0314 1.8873 1.8783 1.9545 1.9925
10330 - . . __1.D340 _2.0125 .7353 _1.9338 2.3796 1,904 2.00621 1.8682 1.8713 1.9513 1.9833
10135 1.7885 2.1002 2.0584%  1.7844 2.0858 "1.9815 2.0235 1.8859 1.9619 1.9483 1.9873
10380 13373 240203 2.0480 _1.3G43 2.0898 1.9819 2.9263 1.8933 1.8b33 1.9513 1,9343
10845 1.8997 1.371% 2.082+ 1.8466 2.0970 1.9853 1.9392 1.8415 1.8425 1.3475 1.,9857
_1v33D 1.828) 2.1822 2.0856 1.8733 2.0786 2 1.9762 2.5117  1.8713 __1.8761 _1.94b3  1.9829 _
10335 1.8317 2.1703 2.0681 1.9046 2.06759 2.0803 1.9578 2.0077 1.87u1 1.865% 1.93127 1.9669
11230 153,300 gal. 146595 1.8580 1.8%39 1.7477 _2.G577 _2.0392 _1.3743 _2.G510 _1.90u7 _1.8949 1.955¢ 1.9943
11133 1.8623 1.7402"“2.1535"’1;6739‘”2;0923 2.1157771.9877  2.1u39  1.9423 1.8795 1.9564 1.9858
11350 ' 1e7045 -1.2452 2.040% 1.7288  2.0758_ 2.1G20_ 1.9757 _2.4087 _1.9053 _1.3751 11,9612 11,3759
T11845 1.6956  2.1885 T2.0418 1.7739 2.0888 2.1953 1.9849 2.0373 1.893135 1.870¢ 1.9489 1.933865
11150 2.6598  2.3136 2.093% _1.599%  2.3835 2.0713 2.0669 1,9883__1.87i6 _1.8483__1.9+5i 1.9381 _
11853 2 0052 173443 246639 18090 2.08097 2.6845 1.9931 2.3443 1.8955 1.8762 1.9483 1.9820
12:00 202812 202601 2.239% 1.7459 2.585% 2.0685 1.9959 2.6336 1.833. 1.8646 1.955¢ 1.9398
T123u5 200,000 gal. - 20253477 2.1205 2.1834 71,7371 72,0915 2.0795 7 1.9605 1 2.0383° 1.8%12 1 1.8780 1.9518 1.9905
122140 202880 2+5775 2.1888 1.7709 Z.:888 2.G782 2.0069 1.9968 1.8704 1.9121 1.9535 1.9933
12818 777 - - 2e1432  2.0001 2.0232 1.6891 2.0818 2.0768  2.0047 2.0122 1.8867 1.8793 1.9457 1.93¢3
12323 201103 243436 2.1212 1.7397  2.U957 _2.074% 1.9769 _1.9685 1.8523  1.8787_ 1.9525 1.9939
12130 2.2608 241855 2.8128  L.7421 <2.0885 2.0742° 1.9391 2.0270 1.8783 1.8877 1.9343 1.9818
12:35 : 2423u8 1+3138 1.933J 1.6897 2.07533 2.0778 1.9350 1.9613 1.34%0 1.8827 4.9458 1.9869
T12840 T T 7149202 1498477 2.0268  1.7836 2.0975° 2.0815 2.08409 1.9761 1.8587 1.86883 1.9524 1.9763
12145 ) 149515 2.1827 2.1232 1.8571 2.0921 2.0G733 2.0358 1.9639 1.8631 1.8666 1.9537 1.9322
13800 0T TTUTUTTTTTIT T T UTTT2L23477 249503 1487017 1.8393 0 2.2770° 2.0785 7 71.9387  2.0116 1.882%  1.9135 1.9589 2.2320
13:05 252,000 gal. 2.6yl 1.9137  1.9589  1.8565  2.1047  2.06761  2.0477__2.0353 _1.8357 _1.8793 1.95:9 1.9857
iz 1.9838  2.3307 2.05593 858 2.03858 ¢.0715 2.0381 e¢ldied” 1.8915 1.8482 '1.9489 1.9834
13:18 204722 240253 2.0538 1.8¢59 2.0984 2.0571  2.3342 2.3297 1.9G61 1.361e 1,952% 1.9913
13125 7T T TIUTUTITIUTTTT Q077 T1.7316 179953 1.8298  2.0835 2.0746 02,0375 2.0118 1.8775 1.8828 1.9468 1.9841
13130 1485085 2.2302 2.1192 1.8549 2.1102 2.0823 2.5%23 1.9374 1.8587 1.8643 1.9556 2,003
13:38 oo T 21700 1.7357 2.0733 2.2022 2.0425 2.0340 2.3380 2.6381 2.8727 3.2455 3.1442 2.9326
13:45 Ze20+2__1-3935_2.0733 _1.8.55 _ 2,9877  2.0743  2.0345 2.0241 _1.88d5 _ 1.8826 1.9459 11,9787
“T13155 2.17/97 2433457 1.9274 1.8377  2.0825 2.G615 2.0275 1.9977 7 1.85%7  1.6985  1.9492 1.9555
143165 305,000 gal.  leThbs_ 109904  2.118& 1,751 2.3612 2.657) 2.0238 _1.9567  1.8486 1.8201 1.9342 1.9775
fettg 77 T T T 2,230 2 low2 1.3047 T 1.B8297 T 2.0787 TZ.0641 T2.0263 7 1.9950 1.8738 1.8960 1.9+81 1.9913
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TABLE II (continued)

TTTHATTENBIRG - MARTIN HART HYUROFRACTURE

"FRACTURE-NOVEMBIR 18,1975 ~

TInE 180°  195° 210° 225° 240° 255° 270° 285° 300° 315°
14315 " - 20572 2.,1228 1.8B335 "1.8404 2.d793 2.0707 2.0332 2.L333 1.8758 1.9103
14220 2.099¢ 2.2043 2.1058 1.8076 2.4382 2.064% 2.5263 2.0173 1.8902 1.3354
142325 1.84¢8 1.84085 1.9754 148257 2.3735 2.6525 2.0191 ~2.0232 1.8757 1l.d41b4
14230 2el755 241958  2.0325 1.8181 2.2873  2.0G%566  2.0254  2.0(36  1.8636  1.8%45 _
14235 2.5078 2.JewdiT 1.9+40d  1.7828 2.0639 2.0520 2.01397 7 1.399+41 1.8511 1.8430
14240  Stop pumping 201408 241322 Z.1333 1.8733 Z.0%61 &.0555 2.0180 1.9658 1.8447 1.9i51
14345 208354 2.1350 2.0511 1.8428 2.0596 2.03d%  2.6253 ¢.0028 1.8537 1.8497
143253 Total Volume-317,200 gal. i.997d 2.2352 1.8306 1.7.9%i 2..489 £.0633% 1.9330 z.i008 1.8745 1.4702
14155 2012460 148471 1.9420 1.9277 2.3429 2.6372 1.9333 2.0236 1.87/L 1.9296
15:00 148227 1-30%%  1.9515 1.7542 2.J43%  Z.G343 2.0063  1.9249 1.83133  1.4225
15805 2.0512 1.8083 $.9674 1.8271  2.u504 2.0396 220013 "1.9885  1.8435 1.8231.
15310 2e0895 2.2504 2.0%56 1.861H6 2.0669 2.0413 2.0265 1.98:9 1.8451F 1.8348
15115 2.139% 2.u0u2% 2.0213 1.8%%5> 2.0997 2.0313 1.9355 1.93L3 1.86¢7 1.8212
15320 15785 2.0637 1.353% 1.8.57 2.05%8 2.C337 2.5301 149703 1.8431 1.8L34
15:38 1eb3au 1493854 1.3350 143252 2.5+99 2.0370 1.9968 2.02t3 1.8851 1.8849
15340 1:9935 243356 1.88d9 1.7045 2.0514 2.0399 1.938» 1.9733 1.8332 1.8381
15844 1e3%1n 105330 f.3408 1.8545 Z.0v987 2.0396 2.0008 "1.95L7 1.850d  1.8283
15345 celdu¥d 2.u3d33 1.9715 1.8559 Z.G56% 2.0435 2.05013 240083 1.8633 1.324%4
15868 - - —Tr 1.8541 1.89336 2.d4631 "1.8446 Z.0509 2.030% 2.0333 1.Y979 1.8585  1.8633
15351 148763 147529 2.51383 1.8488 2.0972 2.0462 2.337% 149417 1.8255 1.8361%
16115 TTUOTTTTIT T I 200641 1.9845 1.9931 0 1.757% T2.0513 2.030%  2.0353 1.975580 ‘1.8432 1.8511
15:56 CebSE3 149839 1.9732  1.84ZE  2.047b  2.0302  1.9991  1.9827  .8656  1.8238
15858 Ced5iv T243472 T1.9875 7 1.8831 77 2.402¢ T2.0343771.9998 7 2017577 1.8440
16300 CeDITZ 149791 1.8339 1.8083 2.0HBH6L 2.0466 2.0033 1.9982 :.86v6 1.8783
16395 - ZeuZ3 2.u92% 1.9310 1.8513 2.6495 2.0369 2.0055 1.9c¢99 1.8589 1.8u4d4
16208 242231 2.1255 2,G333 1.82%3% 2.3556 2.0342 1.939 2.0:74 2.8825 1.4591
16813 . 1.9373 143812 1.9379 1.7912 2.057v 2.63C6 1.9399 2.0137 1.8577 1.8580
16312 cedDIL 1.3179 2.D0570 1.9:9b6  Z.3254 2.0%46  2.032¢ 1.9791 1.8557 1.3469
16115 - Qalowol T2.0125 7 148382 T 1.7357 72405117 T2.ub47 T 24005062777 109e23  2.8355 7 1.8252
16322 201199 2.04937 2.GJdJu 1.8458 2.2583 2.033C 2.207G9 1.833% :.7873 1.843)
10322 T 2.4579  1.8021 2.13J5 1.9445  (£.3526 2.0331 1.99956 2.0Ge>  3.8431 1.8262
16824 109307 24007% 149436 1.80602 2.5651 2.0413 2.CI«7 1.9&05 1.8355 1.38613
16127 1.87¢u  1a/955 143031 1.7503 2.02567 2.0355 2.08¢5 1.9153 1.8165 1.8556
163129 13095 1.8170 22,0492 1.7928 &.3569 2.0329% 3.9373 2.0533 1.8722 1.68¢a7
16t32 7 - el 2 208153 20288 L8646 T2 un27 TRLD355 20092 1.3033 T 1.83w5 7 2.8753
10336 2.4261 241587 2.1133 1.9:97 2.0531 2.6399 2.T21i7  1.37%:  1.8358 1.8459
16136 T2e0d0v 24193 2,07d% 1.755%  2.0545 2.3339 2.0248 1.3766 1.8425 1.79G3
16337 ZoelSwt 2406559 1.94d6b 1.7853 2.0519 2.3327 1.9Y937 1.98s 1.3512 1.38509
161460 242266 2.108¢ 2.0431 1.9200 2.0475 2.0395 2.0303 2.0i%5% 1.8527 1.8539

330°

1.3+53
1.92:2
1.8341
1.9253
1.9287
1.9313
1.92438
1.9287
1.911%
1.9172
1.917%
1.9154
1.914%
1.9211
1.9244
1.9117

1.8152
1.9183
1.9132
1.9231
1.9092
1.91/4
1.9224
1.9355
1.9149
1.9173
1.92L3
1.4129
1.8113
1.51338
i.9169
1.913¢
i1.9129

"1.9149

1.92406
1.9163
1.9289
1.9153

1.9111

345°

1,973
1.355%
2.0241
1.35¢6%

1.9697°

1.957¢
1.3397
1.93%7
1.961
1.9554
1.93261
1.9417
1.9473
1.9673
197060
1.9439
1.944¢2
1.96.0
1.9014
1.3340
1.9€&7>
1e94%43
1.595/77
1.90631
1,942
1.5673
1.9547
1.395€3
1.959+
1.385u
19324
1.55%0
1.9381
ley452 35
1.9401
149363
1.5¢29
1.9562
1.5439



__ RPPENDIX B

TABLE I

LE

T WATTENBERG = SALAZAR HYDROFRACTORE —

""FRACTURI-DECEMBER 16,1975

TIME 15° 30° 45° 60° 750 90° - 105°  120°  135°

7115 1735 -.0025 20959 -.0059 =~.0174 =-.0722 -.1083 -.1451 =-.2140 .G708

7321 _ ... *10b5 _ 0321 =~.0335_ ~,1239 -.3686 =-.1034__~.1166__ -.1261 -.1154 .5298

7123 elbo2 0024 =.U254 =,1002 =-.3717 <~.3258 =-.2%34 ~-.16u5 =-.0525 L0381

7325 cUdly  =eD825 -.1301 = 1130 -.1326 _ -.1536_ -.1563 -.1465 =,1550 . <1751 __

7340 0108 LUJU35 -.1574 =,2001 =-.2481 <=,2471 =.1933 -.1470 -.1163 1137

8344 e .. =e0105  =.0095 <-=.338%_-.1995 -.1673 -.1659 =-.1566 <-.1224 =-.04%6 L0116

8345 -.0459 U823 7 TL003% T -.2171 T-.1718 T-.1547 -.1388 = 09/3 -.u5+7 0146

9200 e «4d8> __ 0U35 . .208¢ <0861 -.1817 -.2391 -.2784 _=-.298G =-.321$ L1512
9305 27 a4 .o0c27 .1726 b7 T -.16042 T -01573  -.1519  -.1412 -.1293 .3325
9210 +1284  -.0034 21329 -.3Y82 . 0901 J0034  -.0702_ _-.1581_ -.2175_ .3556
9815 L0983 -.0u28 -.1808 -.1001 CG4B3 -.0895 -.1393 -,3529 -.3219 -.z887
9:23 o #2567 =.GU18 L0917  .068% ~.0354 =-.0790 =-.0354 -.086¢ =-.0ib42  .5392
9125 2533 026 11427 Jd44¥ -,2929 -,2588 -.1316 -.1219 -.0717 .0382
9:5)0 Start pumping -«578L cQULB -.5758 =-.05094 -.3795 -.2335 =-.1960 =.0704 =~.0458 4127
9135 23754 0019 L4l74 1186 -.0893 -.1308 =~.1544 -.1081 =-.1609 -.0112
9140 20155 =+00327 -.0099 =-.1989 -.1149 =-.135C -.1%41 -.1558 -.1275 -.3C80
9145 .6127 =-.0d28 L4173 . 3224 -.3362 -.3392 -.3195 -.,2765 -.2514 L0206
9159 e «09/2 -+0005 1093 =-.1368 _ .0.24 =-.0284 =-.G373 -.0523 ~-.6(76 _.20697
31535 L1851 LGUZ3T T L0009 -.0088  -.1624 -.1381 -.1968 -.2tUu -.2820 2516
__ 10200 61,000 gal. 2019y _ =e0033 -e1156 =.1270 _ =+1489 _ =.1405_ -,1302 _~.1(63 _=-.1167 _ .Ji82
10205 1336 L0085 L0307 T SL0731 -01704 1965 -.1910 -.1435 .0229
1031 <0338 _ =020 _-.1395 63 -e1746_ 1985  ~.1894  -,1853 21165 =
13115 21350 =.0048  .05%3 -.21a7 1780 -.1469 -.1504 L0714
10223 . 0541  -eDu23 _~.06093 =~.1230 _-.3299 ~.3253 ~.2824_=.2273 _-,3140__ .ju72
10125 L1142 cUBBL T -a1528 TS 1150  —elbbl ~.2232 ' -.240) -.2362 -.1432 .1203
10330 087 sB008 _-.0659  =.1345 -.215C  =.2192 -.2331 _ -.1832 -.3553 _-.0343
10135 “elU2U  =eUi013 -.0572 - 1640 -.3745 -.1b72 -.1392 -.2182 -.1720 -.079%
10340 cD085_ ~sUG16 _=41257 =o1714 =41759 =,2146 =.2263 -.2287__=.1533 =-.0808__ -
10845 L0858 =.0008 =ciied =0 15286 <2477 -.2452 -.2304 -.2101 -=.3331 L1235
10350 e e0250_ eD0>U_ -e2333  -.2192 -.1931  -,2183  -.2203 -.2145 -,1733 .G6C2
10855 ° i «028u 0.0000  ~.03)7 7 -.1019 -.1816 -.1383  -.1841 -.1779 =.1558 -.05638
11200 116,000 gal. o edbfyr me0u13 L0331 -.1123  -.2077  -=.2270 ~.2170  -.2186 -.1933  .l824
11305 0399 C.GUs3 ~.0142 -.0988  -.2015  ~.2253 ~.2200 =.213L =.4235 0213
11310 04Ul 20013 -.G849  =.1605  -.1999  -.2.37 213  -.2388 -.2009_ .1244
777111815 =000 -=.0ubo =-.U938 =-.180Z -.213/7 -.2330 -.220¢ -.2i20 -.1803  .u548
11220 o o160 .0007 <0959 -.09L5  -.184G .2084 -,1992 -.1555 =-.157. L0858
11825 B 0521 -.0017 -.1139 ~-.1832 -.2113 -.2525 -.zuas -~ 2423 -l.2343 .0020
11230 i _ +0%80 01533 -.12238 -.1708 ~-.1892 ~.178% =.1715 =.1E8G -.1181 =~.53242
11155 2148 Uu18 20333 ~.0233 -.25864 -.2524 -.2395 -e21b67 =.15/3 -.1130

. ..12:00 172,000 gal. eQu7+___ +00830_ -.1118 =.1955  =,0558 _-.1075 = 1%31 = 1858 -.2255__ .ool7

12105 Sa0952  <uBLLT7  -e2028 =.23386 28085 -e2623 -e24bZ ~e2034% =.l1268 =.3219
12sw0 o .zuoq__;,nusq___,aaza 2BC45  —.24B5 _ -.2679_ -.2309_ -.2063 _-.1522 _-.1187
12323 16064 .0056 L0105 =.0628 =-.0105 <=.0850 -.1134 ~.1453 =.1847 .3586
12:30 e meGB97 _ =e0005  -.1981 -.2082_ _-.2218  ~,1837_ =-.1925 -.1576__ .1935 -.0183
12835 -eL4Yh -.0023 -.2231 =-.2151 ~-.0670 -.4315 -.1693 -.2080 -.23$0 L6811

150°

~e0413
-.0i52
.1312
$0C59
.0788
«0275
0500
-.0393
«0Lu3
-+0951
-.178%
-.8061
«0812
<1955
-.0293
~.04l8
—.0L22
o .0978
-.0151
-.04248

=+0698
T L0193
«3233
-.1670
1084
-eD749
-«0191_
G244
~.G6657

~o045%

“sUlkll
-.0317
__meudue2
-.5392
-.6306
0.d2CU
«J185
U.00C0
-.39%4%
~+3090
«33532
o el424
"«0CL3

-.0271

3427

165°

-.3528
o153
«15%3

_ectle
.0918
U728
«1051

-e0347
eJ4db

—el273
-e1257
.5118

" 1519
«1679
.0015
oGC1lw

Ta0w52

«1173
-.0279
«594
-~ 00062
__.6131

.0327

«G839
.2089
eL324
-.0389
__eB2.8
«01ib7
s0412

~+3193
«Gt20
~«i750

- 3063
-eG4T7
W6156
<0308
—alTy
w3574
$i354
-.0755
.6293
-.1154

.0188

L0138



8¢t

£ N .

TIHE 02 15° 30° 45° 60° 75° 90° 105° 120° 135° 150°
12145 ) T ~e05ul #0010 =401 -.0865 7 L8233  -.1314 =-.2308 -.403L -.4326 -.3260 0024
123590 —e2340 -e00Lb ~.%557 ~-.4101 -.0882 -.1591 =-.1686 -.2367 -.310(3 L2761 G017
12155 SGoL7 0025 -41323 -41902 -.0927 -.1515 -.1389 =-.1723 -.1507 -.032863 L0008
13360 232,000 gal, s0udy  eGOUL -.1245 ~e1708  -.1535 -.1324  -.2132 42313 -.¢022 _ .9379  -.0U58
131065 ) - e3U o = DUL?T L1800 L0543 = 3096 <a3032 7 <.2939 ~.2/837=.2514 L0342 L0017
13210 1270 DU« 0259 -.3017  -,1277 -,1879 -.2392 -.2889 -.33a3 0357 =.0G34
13115 . 036y ceUUld T =.0B29 -albby -,1896 -.187% =-.1050 =-.1320 -.0579 -.2592 L0013
13320 ¢354 40037 -.0989 =.0Y2D  -.1431 -.1687 =-.2193 -.2565 =.25+% <= 0777 <-.0510
132125 2720 NPE Wlind U277 = 1406 ~.1B65 -.1876 =.2039 ~. 2071 -.0273 =~.5153
13:3) 2234 Guly 2069 -.0342  ~.3073 -,2347 -.13891 ~-.1320 =.G717 1215  .G783
13135 1%u3 L0u2Y 0135 =004d0 L2866 -.2393 -.2208  -.1Y45 - 1185  -.uE864 =-.0332
133540 —e1743 <0323 -.36388 ~.32968 -,1292 ~-,1289 -.1317 -.129% =-.2319 1654 .J163
13145 G763 U8+ =,U189 L0835 ~.1549  -,16342 01602 -.13£7 -.2u22 L8967 ~,0100
13:50 “ewtde 0<00u) ~-,0371 -,06u6 -.3211 -.3B.% =-.339% ~.2967 -.2244 <5334 5353
14300 «3622 ~.0062 2341 2248 ~.18U4 =-.1669 -.L1381 -.091% =-.0112 .9588 L0420
14505 282,000 gal. sloby  =eQUdw ~=olle7 =.1748 =,2265 -.2375 -.2867 =-.1975 <=.1371 LABG2  -.0320
15347 o 3038 eI i35 L7 5 T TL 3433 T < L2595 TS, L 758 TR 5620 T =L 13T L4251 7T L0966
14315 Odle s031. ~.1703 =.1950 =~,1911 ~-.191b6 ~. 074 sL192  =,533%  -,5325 L3311
14829 T «31us  -eDL. S1317 7 ~.0E621L 1270 7 L0006 =eB74B L1737 -.257+ 4995 -,1291
14225 <0533 2Jdde - D12 - QW37 -.25309 -.2358 ~-.2+93 ~.2513 =-.242b TN I
143130 TUTTTTTTTOTT T T a1302 7T cUUU T W0827 7 —.0480 T =.2324 0 = 3173 =.3027 TT,.3874% T=.3484% -.1611 =.i622
14335 22172 -e09037 0483 -.01d8 -.2175 -,2318 -.210% ~.1903 -.1350 «12306 -.1184d
Luseg — 7T 7 T BT I I T S § AV PIA- S T AU I V2 S 10X R Y A R WS S TS & SRR T, )
14345 Stop pumping “elend cUuSE W28l =.2iub - I%%7  -.1187 - -eiB79  -.3654 L2236 0403
14152 sduun =L U00Y -.1%38 -.1832  -.i7¢4  -.1835 - “41939 -.lbat 1139 -,2192
14355 Total Volume-312,000 gai. -0%00 030 -.1091 <~.068% =-.133: =-.,17(8 - “e1991 ~.2303 ~.J739 -.0w09
15109 .63 30 Sd0uE - 11370 -.03383 -.1255 -.1%09 - ~.182b -.1285 =.uB4S .1282
15305 e2v22 AR L0903 WG231 -.0376 -.3845 - 21456 -.16+4 -.L:12 =.3515
15310) 7T/ - W28 T eldkd T L0553, L0582 T e 0wl T S0 1298 7Y TLOo3BYT —Ld288 T=00932 T L1598
15315 14c9 «33568 L0435 ~,li72 ~.573u  -.1041 - -eU797  ~.ilal 21325 =-41C3w
15120 7 - 1507 Wluld =eGda3  =.04iL  -.0785 -.5325 -.0817 -.04L08 638 ~.2078 wiuii
15125 «12%a U325 =.3370  -.i937  -.3200 -.5067 =.3972 ~.i93Z ~.0535 L (573 =.l037
15130 1224 377 =a397Y =BT -iL1830 -.1%35  =.1361 -,1333 ~.2054 1771 G490
15:33 e1323  =eG733 -.0o43 ~eluly  -.2265 =,1781 =-,1310 =.0Z16 =~.09482 2619 .1:5%
1684 T T T eloou ed193 Talale W08533 T T-aulS6 T - 0811 TR 0957 TE01390 =a1545 To.0035 T-.0729
15245 s118c o025 =e073. =4389L =e2%3% .-.2033 =.232b63 =.1775 =~.1375 =.3553 <~.0512
15150 0871 U605 20402 =.0880  -.14%3%1  -,.1805 -.1308 ~.1361 =G930 L0303 N FES)
15255 v 13530 «0173 WIL75 =.C029  -.0915 ~,08Y3 -.1313 -.1055 =.2301 =-,.0117 L3219
10200 L2015 dsls -.Gulu 0159 -.0093 -.5877 -.093%% -.8910 -.5837% L0581 =.U5Ea
156:05 1734 142 34738 «32L3  =alTT3 - ,0946 -.1.85 - 1345 -.1250 L1536 . 3194
16123 B - TelEeg T WG113T T30 T =l09357T —iu892 e, 1078 T=01239 T WS TE01200 7L 0852 -.0lL7
16325 151y £ 2823 00383 ~.0845 -.04926 -.G975 oF -.ib28 -.i420 L1333 .3523
16828 T 118y TR L0067 T TL0U T = 0010 T T-aE20 T 0803 =l 0eST T~ Ub95 T =~.2672 2303 =,.3495
163 30 2870 .21¢8 1784 eGBbot - 0836 -.1015 <-,1:137 -.i975 =-.1929 .1379 o5
16133 T TTTTA1828 7T 408357 -.0350 -e11537 -u0588T .01V TTTLEEGST T IGa00 T L1179 T L0969 0451

TABLE I (continued)
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J— TABLE_I (continued)

T WATTENBERS - SALAZAR HYDROFRAGTURE . 777

" "FRACTURE-DECEMEIR 16,1975

6¢

TIne 180° 195° 210°  225° 240° 255° 270° 285° 300° 315° 330° 345°
7115 -.0879 L0028 1 41217 7 02365 .B660 <7510 L7744 L7730 L3675 L4855 42501  .3ia7
7320 %0933 s1110 _ L1746 __ 42655 __ .5972 _ L7769 __ 7990 _ 7998 _ .5565  .4829 2442 L2266
7123 3115 22472 L3668 .5238 BBUL L7587 .7963 7961 5774 5178 24708 +2635
7825 <00 L 1071 .2078  .3133  .7558 28272 28359 8095 5735  .4B36 _ «2593_ _ 1351
7240 1376 L2021 2930 bl L8066  .80621 L8512 .8122 L5436 4443 +1803 .1255
8344 . elbun _ e1T735 12383  J3401 WBTT7 L7584 L7395  JT7G76  .uTii. .389§ 12738 .L773
8146 £239% .31869  .2639 360U 6726 a7513 7518 6958 4535+ 3583 L1734 L1172
9300 . =e1293 <0003 L2433 L3646 L5052  LT4dd  .Bu45  ,8655 «6953 .6667 38460 .5269
9105 : 1127 Jle83 0 L2329 7 .3536 3749 -.7237 L7132 .7918 5132 .5681 «3344 L4022
91190 -e19u5  -eLwk8 L0554 .1496 83567 7772 .8593 .7827 .5633 4957 .2525__ +2833
9115 13U .J387 L0587 16?0 .63582  .7391 7433 L7170 .4 883 TN 1756 <1363
9323 . __+008%  +2998  .1323  .3099 _ .5234  .b765  .Tu55  .7586 57,2  .5581 +3243 L3753
9325 : 2740 2091 L3452 L4628 5734 JT3ke 7336 .8179 26253 .6015 314l .3747
9:30 Start pumping .. .___ . -+0593 2325 _ .41l 3678 1.1201 1.G343  .8390 L6783  .3053 <-.3061 <= 1795 -.4245
9335 0377 L1256 .1833  .30600 4Bu7  LBT05 7465 .787% 6321 .5933 Sulbl W5427°
9340 «b4bl <1147 41333 .2528 L8677 .7616 +7657 o726 .5031 24261 21914 L1847
9145 1246/ W Lods 2047 .3853 L2374 L4350 L6749 754l L6784 JT437 7 L4875 47633
9150 L S1U94 1720 2234 42079 5583 L6337 L7348 .68e9_ 4973 __.4225  _ .24E3 _ 2514
9153 -e 43y .0339 1903 .3U927 L5819 .72860 L7776 L7876 .5921 .5231 26410 .3078
10200 61,000 gal. 20895 +1233 L1782 2062 525G 637G _ .B65(5  .6135 w268 _ 3372 1427  .11i2
L0303 3253 L0916 7 W171% L2732 L5706 BI48 T L7224 JT227 .5222 4565 2142 2371
10:10 20551 21272 41982 .5296 .b290 7358  .7315  .Tibb 269%d 03956 _ 1508 .1350
10115 040l 267 W21l L3162 L4911 .6293 . 60693 L6679 L4859 4352 2274 L2525
10:20 1897 +2139 2778 L3873 6122 6942 JT384 L6350 4825 +3935 .1725  .1663
13125 ~ TR T BLUL TTeU060 T 17?86 T L2755 L57327 7 .09237 L7140 77,7195 770529677 L4351 T .1/58 16c7 77
10330 21445 1739 L2075 .2954 5470 .63t 7463 W70S4 L4375 4355 L2002 L1777
10835 T T T T T 3689 T T W0 75 T 12607 T L2206 7T 45903 T T.6325 7 L6936 L6784 L4670 3640 L1682 £1531
10340 -e0432  «3b537 1589 L2048 b020 <7394 L7375 L6982 . 4515 . 36364 14361323
T T 1045 ~buud Su9377 L2119 L3294 JoGus  J71%6 7408 L7247 .5176 40197 L1779 .1751
10150 e1149 1245 L1850 1423 6013 L7841 7354 7654 5345 J4bll L1773 .1235
Tiyssy T T T T TTe1225 et L7777 22693 T L3795 T T L6898 T 713977 TL.7057 7 T J47w2 T L4890 .20G98 .17e3 T
£1300 116,000 gal. _ . ... ~+0273 _ 0750 _.1754  .287b .59l L7292 .6761  .6915 _ .439)  .4028  .2042 207y
11865 SOub? TTL1u22 TTTL1912 0 L3613 6316 6345 7018 L6828 L4899 .3958 . .19l  .171%
115190 -41652 <030« .14l 2564 .5827 .6875 .6823 .5878 <081 43512  Wi55. 01522
L1215 «Goud L1157 NEET L3024 L6035 - L7899 L6848 .6v89 L4328 L3428 L1367 L1083
11:20 -e 0204 0716 .1835 $23736 .5283 .6595 7317 7173 L5412 S4731 2722 W23
11125 Ue DGOV L6855 T .19217 27067 L00Y5 T L.7195 JT28U 0 W702Y 0 <409 L4091 1713 1637
11130 ) ) ) w0822 41311 1652 .27(5 .5859  .B3B1 _ .71b8 W00L8 45313 L4263 1825 J1455
11155 L21u2 1585 0 .2312 2930 +5235 L6819 7249 .736B 5541 .5115 2676 321k
12300 172,090 _gal. e _TeDBb4l__s0U33 L0918 1855 .63wl_ 7218 46519 ,7311__ _,5021___ .3Y1d __.1753  .12b&
12335 C21it 770 L2393 3438 65095  .5343 .bau8 Lo1il L3993 2724 0722 0Gu7
12:10 +1228 1963 2157 $3143 4815 JBLTT7_ L6417 L7019 .5240 4823 _ L2665 W 31462
T TseszoT T S100Z TELGI3L T G034y W17a3T L5357 .6bsd L7494 L7270 5337 4817 2316 . L2633
123130 o e1208 1336 .1824 _ .2655 __ 46597 _ 7214 6288 6507 __ ,4066_ _.2889 _ .J818 S0E7
12335 7 Sei521 0025077 7.0971 T L2089 T L7374 L7389 L6909 L6778 Vha25 Tu3267 TT.1003 0 L04us




0%

TABLE I (continued) .
) - T T T WATTENBERG = SALAZAR HYDROFRACTURe ——— —~ "7 7o oo
o o FRACTUKE-DECEMBIR 16,1975 = - o
TIag 180° 195° 210° 225° 240° 255° 2723° 235¢° 300° 315° 330°
12345 T WU258  =,0207 -.0277 L0535  .5496 .5835 604k 5151 3254  .2203 0713
12250 -e395%  -eu 334 .1059 2843 L8928 .8857 7535 .7:13 Lalbl . 23069 +0L9%
12:55 02467 L0737 1583 S2437 T L2 7317777 L8156 7 L7298 L5171 4136 .1892
13:00 231,000 gal. 309 G356 WlaL7 2548 WBET G V7538 7656 294 W5 135 +4186 14885
T 13:u5 L0074 L1159 232% J35v3T Luveil LBiss L74sG L7259 V372877 05620 1 43194
13:10 ~elilh ~ed157 L3925 $2359 cu0b3 L5181 +6387  JbEL3 L4887 J4311 L2171
13315 s23ul T L8208 W23811 $2317 T L5701 LTHYE T L70S8 L7077 e%4959  L414) «1977
13:20 G250 -¢0135 NEEE .2532 V5741 7518 JT7ESG 7522 5812 3055 23868
13125 " W0 7uh L0828 .leo?2 L2406 4235 - .5315 7 L6367 6893 .5 316 .5194 W2734
13:30 «0o617 1s98 23498 L3461 1.6901 6793 7259 J7u4 Y 9633 L5317 .2837
T131837 21740 SLab8 T L2033 PR E T4 I £ L6387 o7kl L 798 T L6959 4619 L1943
13300 —e0795 <0G 1440 2543 7946 6310 .8365 W7152 4579 L3053 bbb
13145 -~ 01uY L0913 1538 7 J24417 L6003 T L7933 .82G4 ~ .B1Y7 57 SE34 02335
13:50 hou2 .1432 L2824 3911 12,0798 2932 .8554 Y AT .3692 .1758 =.3773
14260 REPX 1453 2250 3008 <3641 +53560 7112 7 L7816 6581 L7143 4473
16305 282,000 gal. «G8oL 1202 2102 .3625 .6013 .B81b1 28432 8159 5873 « 4349 2222
Tiwsi0 T - B RN Y 1786 <3436 cwu3S RYEE Vo375 7wy L8072 Lh5uB Louu3 L0835
14315 « 1930 1373 .2133 3.2 -.0339 L7351 L7546 L7077 L4893 A 1754
14323 - TITTTT T T L2081 T =.ddv8 - .0238 L0565 6877 T L7LT3 T L7925 7T L8327 7 .bbds | .6515 .3887
143125 -e1478 edaBe 1713 L3218 .5515 L6091 .6382 BG8 4163 +3398 .1453
14330 TOUTTTTTTTUTTT L0847 T 1003 T 7317 T 2951077 Taw735 T . 62437 L6565 7 63a7 w52 L4068 L1951
14335 ~eldon ET I 1380 23205 U.d350 7832 .8382 .8123 6005  ".5299  .28L7
TleteQ TOTTTTTTTTYOT =el190 7 w0169 7 T 14207 T W25 T w5450 .b485 7 60837 <69l 533277 L4376 L2208
14345 Stop pumping elou3 1054 2774 L3353 L7253 L7274 7385 L6007 ARY .2998 L3940
14350 L1534 L1312 L2235 7 L3351 celd? L7870 7T L3392 T.59:3 L4828 . 36480 1675
14355 Total Volume-312,000 gal. 1238 $li¢3 1570 V2923 L7704 7250 7215 .6932 N FN 3772 L1221
15800 2393 L2150 L1393 L3135 L3512 9153 L8522 3323 5800 4563 2020
15205 .11u8 S1135 .1839 $29499 V7659 - R PY-24 .3223 L6981 64438 319
TUistg0 T T - 8258 T 245 VLT T 32277 o BubTT s8lul’T JdobaT aBYERT Wb403d T 5783 T L3015
15315 0736 -.0uB1L L2212 +36S5 56487 8228 9150 .82¢3 L5585 L5037 .2619
151290 T - 3013 3154 2724 L3332 3105 .7935 L8345 T JBLET .5853 5174 2083
15:25 0769 1208 W221 0 L3378 L8e7S 8409 .B8LST Blte W58 4393 .2353
15833 WOwul L1259 »3Uvi .39327 7230 L8031 ° .329: JT8EY T L 5Bus L4798 2185
15:335 1351 1332 43394 alat L5723 3095 L3765 L3414 0152 L5156 WZai3
15369 77 - - (S TR I B X Y 4 - X I N R A A £ -1 BPE-TTE: Y Y A 5 '
15343 1963 2ol 233503 w77 L8375 62351 820 L7573 .5551 %693 .2182
13150 WLL78 L2255 22692 020 6332 8020 83148 7954 5558 0568 L2265
15355 L7848 <30Y4 .2530 LY .733Y JBith .82¢5 L5114 +5355 5145 L2332
16200 0018 Slalh 2242 3ur2 0921 8123 Buld 82986 L 527 L2714
1025 -.0128 1155 L2179 V3567 WBa7b e . 7558 7345 .5835 50853 L2755
10123 I Wl T e1920 7 L2332 7T L2898 T L7433 TTTLB0uU5 T L8122 77808 T LS5k Waeu83 T L2143
16225 1112 elol? 8327 +369% 5783 .8127 W BuBE L6567 +58463 3067 L2553
16128 T T T T T T T T T T T L (358 T L 0L T T T34 T 13405 T L9363 L8236 T 8304 L8057 T .5738 L4827 2330
16238 -e1830 °0138 2248 L3522 .6512 L7772 .335¢C L2515 L5514 +5986 3421
16333 2251 W2205 2972 «3003 T JeGYL T L.82a87 82087 T 48113777 403107 5375 4653

345°

eu2c?
+132¢3
o175¢
«1bB3
e4li
20673
108w
«2535
«JEUL2
e 3352
.2212
o320
02212
«206c 8
6382
«1957

Y

«1544
436w
2275
£2278
«3132

2513

eobk2?
«150%
«125¢
«1¢34
7Y
<3515
«25% >
2870
«2345
«2i58
2320
280,
«2097
2241
2545
3141
«253u
<1333
«2351
240
4232
« 3094
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. S APPENDIX C
TABLE I
WATTENBERG - UPRRZZ HYDROFRACTURE 77777
BACKGRUUND-JANUARY 26,1976 o T
TINE Lo X ’ R
0° 15° 30° 45° 60° 75¢° 90° 105° 120° 135°  150°  165°

11151 WB393 T .3726 =43036 =.0885 <=.2196 -e3540 ~.3634 =—.4437 =.5255 =-.4819 ~.4309 -.u47&3

11253 eBuub __ #3303 L0269  -.1526 _=.27bb  -.3753 -.4499  -~.u678  -.5237 -.4731 ~.5103 ~-.4bbke

11855 «850b <3376 0537 = U763 =ul973 = 3L70 ~.3645 ~—.4167 -.4942 <~.4553 =-.4323 -.u673
11337 291 36 o%GB8 0518 =o1336  -.2743 - 4130 - 4433 ~.487L  =.5512 (-.4893 _~.5195 ~.a7iu

11153 L6393 V3473 J03352 -.1479 -.2842 =.3758 -.4u4lb -.4853 =e5541 ~.498D <-.5343 ~.4703

12833 o =sbYbbB_=.0798 ~.0707 L0392 _ .1625 +4513 .9162 1.5829 £.0353 2.4160 1.9847 1.1255
12105 LLBU28 2.5278 =.3280 -.1291 " .1670  T.537% 1.2148 1.9961 2.5900 2.9599 2.38068 1.7015 T

12:07 ) L “eE001  -e4U1D0 -.2637 -.L0(B85 41633 | .3283 1.1406 1.9171 2.4431 2.8435 2.4583 1.5774
12108 ~.4ilol =.3032 -.1420 ~.0966 21518  .5324  1.1066 1.8508 2.3257 2.7861 2.4227 1.5268

12310 -.L295  -e5687 -.2528 <-.G1dh  .2249 5541 1.G6lb_ 1.7816 2.3162 Z2.6547 2.2432 1.3655

12822 ~1.3811 -.3151 -.3%23 0133 .3378 .BuB2 1.5015 2.2997 Z.9c03 3.2481 2.8B09 1,979

12124 B _ . _=1.3953  -.8459 -.3775 0184  .3885 <8733 1.4723 2.2537  2.8323 3.1928 2.3344 1.9245

12126 ~1.3569  -.7937 -.34539 L0104  .3845 W8737 1.5310 2.3313 2.9778 3.2909 2.9061 2.0115
12328 . m1.3871 -.7726 -.3126 -.0294 .3532 L8350 1.4006 2.2812 2.39379 3.2534 2.8533 2.06C18

12129 “1+395Y =.8266 ~-.3306 -.0259 L3374 L8202 1.4442 2.2386 2.8850 3.2077 2.8383 1.9515
13200 <1992 -.3127  -.L4db_ =.1171 -.0735 CGhll .3093 6695 <9199 1.1285 _ .9135 ___.5111

13405 L3Udl L0980 -.0370 -.1043 -.Gu76  .0828  .2977 L6507 L8953 1.1028 .9294 JuB21
13310 L 22768 <0753 _-,G05% _-.6385 _-.0486 _ .0315  .3387_ .6505 __.3333 1.0891  .8892 JWS5BW

13115 20353 eegdd2 T-.0832 <. 0953 -.9379 L0597 .2519 .5919 8243 1.62956 .3291 S4175
13:20 «2000 _ +0346 ~.1002__-.0793__-.ib86__ ,07b3 _ ,2865__ .624b __ .8535 1.0570  .8393 4255

13:25 21439 C.0475 - 1197 -.1082 -.0683  .G6520 4012 6522 8994  1.1040 .9001 4873

i 13:32 «2157 U133 _-.04un _-.1815  ~-.0565_ .06535 22843 .6269 SB71h _1,0779___.B054 __ 4538

13135 226y L0007«  -idB44  -.079c -.0113 L1133 L3646 7164 9716 1.1709 .9614 5415

13500  W07/2_ -e1135 - i7Lé _-.3791_ -.04el 1312 .3311  .6397  .8752 1.3761  .8683 4417

T 13345 ’ «2i 9 L0138 72,0555 =.0085 =-.03ub L6940 .3163 6548 L8321 1.0882 .9183 +45L5
13350 ) L a1727 meD203 _=41106_ -.385%  -.3%24 G734 3249 L.0&65  .9i94 1.1.067 29032 . W471%

13155 «2552 L0485 2.0500 <.1266 c.dukd 1535 V3300 L7558 1.0173  1.2218 1.0266 .5994

14100 «2035 -«312B =-.1055 -.07856 =-.0579  .0G839 .2893 6280 .8573 1.0569 © .8568  ,423b

chme e e e e s
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-.—..TABLE I (continued)

T ComTTTTTT T T THATTENBERS = UPRRZZ HYUROFRACTURE ™7~~~ 77777 7 777~
o - BACKLROUND-JANUARY 2041975 77 777777 T T
“fIME e e . : -
0° 15° 30° 45° 65° 750 30° 105° 120° 135° 150°

14365 T L2058 20276 -.0394  =.1023 = 0814 0 L1075 TT.3213  .67u9 L9138 1.1220 .9191
14310 N EPK U283 -.0732 -.11/% -.0775 1123 .3333 L7071 .95355 1.1992 <9323
14815 - T - eEibe «ULB7  ~.073%4 -.1325 -.3859 .675¢2 e 3434 7169 .979/7 1.1513 » 9945

143l - P CU37T1 - 0195 -.079%  -.)632 071 3247 B6bd3 9837 t.1601 <90ud
14325 c2 g1 CL0787 L0082 SU1358 Sliowl LC7ak L3399 AN Es 155659 1.1730 7 .9761
14130 elZoo =~o1247 =.372% -.i434 =-.0569 .1235 L] W793% 1.0%493 1.2778 1.31008
14:35 T T e254dl 21557 =,033. =ailsd =.3310 03927 L2073+ W62L0 $8637 1.i743 L8625
1a 250 e Zhal 0326 -,0885 -.0932 -.0711 0389 .30125 BT .8313 1.3918 . 8343
142453 - 2452 eG L8 =L 1021 -.59ce =, 0887 L6392 L3353 B8 «94io  1.1%33 edab7
14150 02227 =JGU7T7 -.1038 -.123% -.0744 G816 2575 6452 8983 1.13568 3341
TT 14153 <2209 CO187T SU0786 - 1245 SUO0L87T L0892 J3I1i T UeYs4T T L9494 1.1623 0 L9896
15200 o453 20392 =.0470 -.1031 -.0608 L3762 L3347 L5980 .9036  1.1051° L8973
15:05 - 2805 sdu3l -.0253 -.1540 =-.0831 -.2G7( « 2659 6259 8734 1.0904 3936
13810 2640 SUS0U ~.0D1Y -.d37C  -.0G497 L0703 L3245 .567i2 «9119  1.1uB2 .9C061L
15215 ely4lh  -e0B31 =.133. =.16422 -.4571 LGB 3314 7073 «95879 1.1753 .9732
15820 2059 CLUB5 = 0714 =-.41955 =-.9753 NEIT 3002 .b45E .8913 1.0934 .8325

TTTT15425 DL T T a3 2T TR UL R399 Saobbl T 20599 L3374 L7031 L9619 1.1714 0 T 49476 7
15130 2N+ 2J249  -.1231 -.10UL  -.0438 L0316 L079% 6864 3351 1.1394 4307
158335 T T T IO I 2850 T 0142 Tea11U5 T -03B6% T-.0518 7T L0713 T W321% T sb17 T 7.8851  1.0828 . 8633
15844 W ZL49 L9392 -.5092 L0502 .2343 6513 QU3 1.1179 « 93448
15359 S I P TR I 10 & S SR T P P TL15957777.3282 TT L6811 T .93727 1.1437 T .3385
15855 2wlu L3337 -.0012 0324 .3253 26757 29279 1.1345 «3158

T 10360 w2220 7 T eu133 7o 0033 L0533700376 T W334TT L6848 L9412 1.169837 LGzi3 T
16105 L2351 2329% =-.03518 =-.0876 -.3333 RN L3333 N TNN 9426 1.1491 «9515
15312 - 218061 =0232 =-.1077 - 1401 -.058%7 L0715 328l 6930 .9235 1.1367 .3369
152815 L2052 -.0u32 -.123. =.1227 -.0698 W6563 L3175 6760 29250 1.1341 «9308
16220 Toe2ued -eD352 -.23917 ~,1113  -.U636 L0283 3177 5735 .9252 1.1268 .969,
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__TABLE I (continu=d)

" WATTENBERG - UPRR2Z HYDROFRASTURE

BACKLROUND-JANUARY 2851976

TIns 180° 195° 210° 225° 240° 255° 270° 285° 300° 315° 330° 345°
11851 —.h458 -.3931 3541 -,1816 L0502 Lud7b 9327 1.6937 2.5037 2.8995 2.1398 1.5285
11153 L _"ehJ39. -.34b2 ~.3168 -.08193 _ .1318 _ L4575 1.0549 1.8220 2.68bL 3.0650 2.4067 1.5557 A
113153 ~ea491 —e4U50 -,2448 ~-,1199 1195 4836 1.0122 1.7347 2.6278 3.5138 2.3953 1.5553
11157 ~e¥343_ -.3b5% =-.20806_ ~.0517 1894 25573 1.1535% 1.9383__2.9503_ 3.3262 2.5195 _1.6295 __
113158 —eh98Y - 8 /T4 =,1741 -.15¢1 4% 4509 $ 9437 L1.7220 2.5138. 2.9u54 2.3482 1.5238
12103 ) a7 3279 =.1975 =.8520 -.3688 -.37/5 =-.3286 ~.3105 ~.33lik -22944 =.181% =-.1245
12305 9551 3588 20686 =,0291 -.2105 -.3865 - 44B7 ~.5106 =.4945 -.5715 <=.6131 =-.6557
12107 e . <8008 43754 -.G03U0  -.1338_ ~.2758  -.4273 -.4b75 =.5134 =.49:7 -.5425 <=.5690 =~.5473
12308 8079 .3363 J0049 -.24B2 =.3882 -.4372 -.5224 ~.5518 =.5:85 -.5417 =~.5i4s =,4673
12110 «ba78 22005 ~.0031  -.2092 ~.5147 -.3958 -.4448  -.48%8  =.5626  -.5745 -.4936 -.4679
12322 1.2309 7151 1917 LICGE = 37062 <=.B8708 -1.4949 -£.298% -3.1172 -3.5533 -2.9633 -2.1262
12324 - L . 1.:932 .3789_  .1900 .U301l -.3382 -.8451 -1.4654 -2.2822 =3.15630 -3.5961 -2.9649 -2.1378
12:26 1.265b T3TE T 42252 T -.01bZ2 = 3714 =.8758 =1.4862 -2.2957 =3.1589 =3.5632 ~2.3445 -2.G977
12128 1.2489 7522 $2342 -.U373 -.358b -.8778 -1.4355 -2,2889 -3.1623 -3.5771 -2.9154 -2.5705 3
12:29 1.223L 262 2274 JALBD =370 -.BBUL -1.63uY ~2.3190 -3.17b63 -3.6153 -2.3752 -2.1345
13180 227068 -.021L =-.133% =-.1276  -.0795 L0594 23u33-  .65869  1.0532  1.221% _ .92u2 _ .5212 _
133165 W77 = D4BE -.1137 <-—.2453 —.1331 L0351 253713 Lbbil 1.3312 1.2914 1.5110 .6375
133110 __ I 61228 = 3778 _-o123%% -.2334  =.1731_ =.G233 L2413 6084 _1.0118 1.2133 934y 23837
13:15 T T T T T e w919 T 73883 T w9 TR 1708 T T=01279 7 T 0177 T 125947 Lb1e2 £9952 T 1.184% <9266 <Setd
13t20 i 8889 <~.1040 -.235J -.1385 =-.03333 WS1171 «3575 W7383 1.1754 $.352¢ 1.0461 <6000
13325 ) N T T T T 1528 T —e D637 T-012327 T -.135356 T =.1181 TT=.0122 02279 T .5667 L9453 1.1115 b 3417 t9y o
13130 «23U5  ~.05%% ~.1318 ~-.1725 -.1121 .0215 22523 «6Z68  1,0656  1.2416 __ +938o 5263
13235 1971 CT00wy =.B7337 S 3746 L0uid W1317 L3778 T7u1” 1.32927 1.4564  1.)1w0 TS
13840 W2101  -.u833 -.1564 -.1015 -.0722 L0304 .2385 5377 .93u7  1.0582 3522 .3843
13345 T T T T T T 1058 T e 0927 T - a1662 = 19327 T =01255 7T T LEI8 T w2547 T L6155 1.0503  1.2254 9293 «5295 T
13159 _ 1335 =.00632 -.1%31 =.1362 -,11G1 L0075  .249%4 <6060 1.025¢ 1.1979  .8924 k902
13:55 T T T T T T T T T L8 323 05877 22136 T -6l V0128 T 426337 6224 1.0293 1.2203  .35C3 5851
14300 W0 8646 =.1020 =-.1735 -.1323 -.3652 .0653 .3137 6785 1.1128 1.2812 9592 +5313

[T
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... TABLE I (continuec!

WATVENBERG = UPRK2Z HYUROFRACTURE
BHCKGROUND-JANUARY 2042976~~~ 7

TIne 180° 195° 210° 225°  240° 255° 270° 285° 300° 315° 330°
14105 1394 -.0336 -.0995 ~,1898 -.1321 L0836 L2511 +5963 9876 1.17u3 .3133
14310 #1917 -eQi26 -.0916 -.1659 ~-.152% G415 .29Cb W6E69  1.1243 1.2963 +356635
16115 2830 235 = 0377 =.1766  -.1144 L0113 T L2059 68?7  1.0351 1.2184 3075
14320 +i816  =e3Bob  -,13J6  -.2195 -.1597  -.(221 2237 45868  1.02¢3  1.2152  .93é¢
14125 L2128 Luu3lT =.09237 =i23¢Y T =.2.89 =.0517  L20e7 L5850 1.0181771.2256 .3562
14232 L2953 SUTES -.067 3 -.1157  ~-,0¥931 =.0119 .1835  .5:142 .9Jis  1.9%517 7645
14135 1394 ~Luafl -.1159 =.23952 -.1bb2 -.G122 L2479 T BL80 .3833 1.1523 +9582
14349 13535 ~eioll -,1242 =.1763 -.1029 .3522 3121 WBEYL  1.3544 1.2359 9726
1643545 1037 =.u+3% -.1072 -.1488 -,3b53 L0831 3474 27354 1.08:2 1.20%8 .9333
1+:5) 21724 ~.01>7 ~,1331 =-.135+ =-.0729 L0858 L3160 6769 1.070i 1.2663 . 3565
14855 L2163 PO RS W P IR K T S PN Lu8% 22567 L6103 .94 1.1730 77 T.9303
15200 176 =.09l6 -.1048 =.1549  -.5958 L0559 L3118 L6917 1.1339 1.3365 .9325
15805 Jdble =.03G3 -.1155 -.1936 =-.1:27 cUBLS J4127 WBBow  1.1237 1.3222 1.0314
15313 13891 mefmis =.128L = 1794 -.1.93 L4419 3102 077, 1.G743 1.2624 .9533
15515 L2282 L0132 m.lodu -G L175  =-.uby? LGulL L2798 B166  1.02%% 1.1407 .8787
15:28 13Uk ~e0Dd7 -.1158 -.1671 -.1.6%5  .5277  .273s 5273 1.5476 1.2262 9375
T1v:25° C2ATTTTLELEN TTEL0d8 T STl <U129¢ T FL 02027 L2224 155307 29237 Ti.1417 T L3585
15230 «16390  "e5342 =3.C30. =-.225F -.1LE1 =,L252 L2124 5556 £9223  1.1161 L8773
15333 ) - D1233 =L 3723 -.13852 -.1651  ~.0d33 0 .G338 7 L3165 0 .678y¥ 1.05353 1.23/5 «953¢
13344 1767 -.32l2  -.3385 -,1717 1101 6227  .2793 .63% 1.5387 1.22€8 «356
15854 - - Wl7u2  =ay3lY -.182d —.241% V1482 0 -.0352 7 L2029 7 L4960 5770 .8906  ,835638
15:55 e1531  ~al-Ld . 12986 =.2033 -.1527 L6392 .2666 w02¥Y9  1.0288 1.2157 .9553
16333 7 T T eidry Teaudn2 THe0327 7 Silowe T-L6389 T L0356 42855 W6b%i 1413577 1.2851 L9578
16:3 2019 23137 -.0343  -.1757  -.1323 L0365 L2889 5551 1.03e5  1.2725 9045
16819 el/ay 203312 ~4ld+3 =Jloll =.1150 L1577 L2618 5990 .%003 1.1542 L9032
16315 21093 Tai335 - 1230 =.2.72 -.1808 -.0iT4  .2433 5564 .8225 1.1251 «9174
16320 w929 L3370 -.1000 -.1779 -.18952 L0233 7 7.2735 L6241 "1.0283 1.2043 .9368

345°

5170
.5584
.52%L
.5352
«2%53
. 3590
W77
5737
«5799
5523
T 8377
5717
«.512%
«eD8Y3
45835
«HEid
45735
«9207
«5582
«5345
lls
« 2547
w5415
«5577
e 4973
«3144
«5183
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TABLE II

WATTZ¥BZRG - UPRR2Z HYOROFRAGTURS

FRACTIRE-JANUARY 2791975

TI"E T——— e SET TS SEIITT o mEmAmAsSTT s e
] 0° 15° 3p° 45° 60° 75° 90° 105° 120° 135° 150° 165°
;:gg <2206 L1533 -.0090  -.1121 - 3611 L6715 L.3221 L6749  .9223 1.1283  .9358  .5161
e 7123 _ngg)tﬂ,__gléz?_"-.ufil\_f,97$2_~:.37£9_MA.Olbl___,310k,_T.65~3 .+8851 1.0856 _ .B873 5101 __
: +2423 43425 -,0439 -.0BG5 ~.J372  .GB95 L3455  .6989 L9475 1.1525 <3644 <511
7110 2217 20037 _=,33M0_ -.1211_  -.0644_ .088G___ . 3137 __ .6641 . 9C72 _1.1124 _ +919% __.51G1 _
7315 e2400 <0317 -.0593 -.3538 -.05376  .03035  .3319  .6794  .9186 1.1153  .G23C  <51c1
7320 +2Lu9 _ _4ul30 _-.0349  -.0992 -.d458 _ .0792__ 318G ___ .6660 _ L9050 . Lo1GES  .915%. . <5101
7325 *1849 -e3137 -.03990 -.1237 ~-.3811 L6336  .3366 L6577 .96 1.1118 9236  .5620
7130 e2063 __ 0071 -.0919 _ -.1198 -,1519 L0337 __ .2959 _ .6448 . .6915 1.0983  .9112  .51C2 _
7155 e20%8 =e3u37 -.1136 -.1123 ~,548 L0815 L3300  .682b6 L9271 1.128Z 9471 45215
7145 W2899 23218 __~.0802__~.3851_ _-.3333___.091Y9___.3248___.6614 __ .901G _1.5Y67 __ 8959 ___ 4712 __
7168 eZ2191 <0098 -.0845 =-.1311 -.0776  .0(623  .3117  .6631  .3ioi 1.1233  .9i7.  .52:3
7153 02348 43234 _=.0359 __=.1675 _ 1097 ___ .B415 __ 43984 «57u5> 9325 1.1485 . .3/4% 9569
7:55 21859 =-.J354 =.1073 -.1533 -.3930  .{4/%  .3229 .6598  .9118 1.121. 3333 515
8140 e2249 23136 = 0612 _~.1u60. ~.0528 __ L0732 _ .3231 . .6645  .9393 1.169« 9265  .5008
8:35 e2id <0384 -.0343 -.1191 -.37856 .G55C .3049 L6646 9198 1.1217  .9377 .5218 "
8119 0228L_ o172 = 0073 _=.1005_ _=.3232__ J07L5._ .3676 __.6473___.8384 _1.0835 __ +8940 ___.4736
8315 e1761 =+0281 =-.1d53 =-.1356 =-.0713  .i598  .3235  .677t  .9333 1.139%  +3568  .535.
8220 . . W2095 __o05U2 - 0738 _~=.1274  -.G0786 __ 3553 __ .3328 __.65ih _ 9023 1.105%. _.9143  .52¢3 _
8125 02498 -.0L37 -.0923 -.1399 -.563Z 46753 .3121 .6554%  LBY935 1.0988 31535  <49l«
8132 22327 W3173 = 0740 ~=o1233 -.0628 L8835  .3205 . _ 4666L . .9137 1.1173 _ .9231 L5647 _
8235 . s2801 0719 = 0875 =.1897 =-.J82¢  LL34b  J31i4% L6528 .90lbY 1.1103  .3:89 .49
834y Start pumping 22228 3175 = Q712 =a1097 _=.03712. _ oG77n___ 43226 __.65679 __.91855 _1l.1l16b __+9278 33035
8245 “1845  -e0224 -.1028 =.1095 =~.o485  .07%8  .3233  .BE4:  .9393 1.105¢ «3190 .%9%6
N 8159 22136 . __a0LDu = T/3 _=.092¢. _-eGS77. _WC335 _ L8427 .BIIL | .9ub5  1.1462 29923 L5247
8855 22169 40370 ~.0836 -.1355 =.365i9 L0813  .3313  .6739 L9275 1.1270  .9433  .51&2
9309 _ 1975 _m.U0%0 . -.D923 - 0739 -.udbu L0385 . L3401 . .630L  .9137 1.1182  .9202  .4933
9345 e2040 0001 ~.0333 =~.1381 =.374s L0773 43291  .B758 L9275 1.1248 9374 .51
9110 22166 _ L0U3_ =.00812 _=.1938__~.0/30__ .083u _ .331%___.6782___.9299 _1.1315 _ 9423 __+5195 __
9:13 e2l4b 0082 -.0773 -.1359 -.3760  .G705 3296 .86  «9%vd 1.1495 9738 4555
9115 _ 173 = 3213 =.10J4 . =.B830 __-.0850 __ L0371 L3347 _.b/BL . 29172 1.1106  .9185 4871 .
9:13 02375 - eDudv =.006v0 =ed78%5 -.3492 L1039 | 3324 465615 49257 1.1093 o9Ll-i e 48a3
9122 . o 02532 J0550 _ ~.0486_ -.1138 _-.0835__ L0514, .2987 _ .641L . .89¢5 1.0919  .9073 | w4827
91¢5 22177 JU16%  =.003% -.1313 =.15i7 L0835 43183 6712  .3258 1.1275 Y413  .5176
9128 e1810 _-.32%0b_ =093/ __-.0839_ -.0041 __ _.CB75_ 3311 __ .6686__ .39114 _1.1025 __+3081 _ _ L4751
9:30 22279 ud5B = 0776 =o13L5 =.G720 40590 w3241 L5766 .9326 1.1327 L9694 ,52:2
AR 33 e2881 __ 41386 -.0515_ ~.1141 _-.4693 __.0756 _ .333C _ .6841 3333  1.13892 _..9333 . .52k .
9136 1797 -.u2d3 -.0381 -.1161 -.0635  LG734 L3315 L6846 .9382 1.1395  .9573  .53L2
______ 9339 _ 55,000 gal. $2105 _ L00%5__~.07+3 _=.12G4__-.0782___i0691___ .3226 ___.6722___ _.9258_ 1.1273 __.9433 _ 5477 .
’ 9:42 $2086  ~+0839 -.0733 -.1052 -.5526 .6829 L3305 46791  .933d 1.1317  .9428 5181
9345 21787  =4d339 -.0985 =.1373  -.0685 _ 0708 _ .3353___ .6980___ 9525 _ 1,1565 ___.9718 __ <546 _
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TABLE II (continued) i am
‘ WATTENBERS - UPRR£2 HYUSROFKALTURE
FRACTURI-JANUARY 27,1975
TIng 0° 15° 30° 45°  60°  75° 90° 105°  120°  135° 150°
9148 .211¢  .3113 =.0659 -.1533 -,0916  .0560 3143  .6773 9383 1.1433  .9c83
9350, e e 02025 oG5 L~ 20920 . =.333Z -.0308 ._.G359... 4351 .. .6c98 .. +332). 1.1323 . .938%
954 (1991 =.0062 =.08Je -.1240 -.5032 L0572 .3289  .b&27  .9353 1.140&  .3531
—. 9257 ;7 : 0499 2.1285 - )89 0835 3373 . .667G .. +3%19 . 1.1622. . .9559 .
15:L0 (1093 . 4852 = 1152 -.0Y11 ~.0453 L0797  .3218  .6els L9334 1.1015 L9990
16303 . SEl0u . +3126. =.0705 .=.1382 .-ul0lu . 0743 .- W3279 .. 46757 .. L9273 1.127G . ..9%E5
16306 V2375 L duld ~.uf>2 —.1210  -.0093  .LB3Y 43245 .6e25> L9348 1.1489  .9588
10259 .. . c183%  ze333>_ =.09)7  -.59%9  =.3533 . {725, 3261 . .BE7TS _. L9162 1.1151 . .9254
10112 C1947 =, 0054 ~.08%% =.1019 -.3555 L0708 .3174  .BoGl L9333 1.1004 L9143
10315 el COL71 v e0BLlY __=e19Y90 _=egD19 ___ocBD3 ___ 3114 _____oD5368 __.S5C54 141136 __ 49156
15218 (1371 L3119 - L0688 -.1185  -.0655 0814 3206 43733 .92563 1.1219  .93e2
L Soeldoz. =eG?73 -l 07%2  =.130Y =715 . WA710 _. .3241 46792 . .93ve 1.1339° L3532
10226 22078 Wud37 =W G781 -ul22¢  -.0635 L0380 L3209 L6735  .9242 1.1282  .9425
YiT +1980 _ -+ 0120 -.3848 =.1135 _-.0635 L0789  .33LL . 6821  .9351 1.1331  .9+Gs
10130 CL7SL =.53e? =.1udU =.)897 -.3b359 L0818 .$285 L6735 . 91si 1.113%  .9175
10133 e1961_ =+0128 _~.0683  ~.3312 _=.3437 __ L0737 __.3202 _ 46635 __.9864 1.1i13 _ .3$13
10135 cloc?  .Ul57  ~.0836 -.ler3 -.3bs2 L0701 W327% L6781 .9235  1.133%  .Ga7y
10539 103,000 gal, ... _.._ . +1336  -.l1%7 =.0822 =~.1159 -.0a38  .G596 _ 3211 _ 4o777 _ .92+5 1.1168  .9575
13142 e1943  -Li9L8 =.3dwk ~.L1238 =.0631 L0066 327G  .6761  .927u 1.1295  .9s51
1d3ud e1947 -4 0i206 ~.8du. =.1373 -.0757 «L 094 3544 6325 .3534 1.1556 «96512
Litud c2Ud2  wudiS =7l =.1223  mudouh WBD4Y . 4802 <0765 9373 1.157¢ 49570
10151 2482 _ 20029, _~.Uo3% _=.1256 _ =wuoll . .762__+3559  .6YLl . .9465 1.151k . L9730
182w «21049 ed126  =eldol  ~.l¢39 - «Cr4d e 3314 «b8td «94%61  1.1455 9070
1uso? - —_— i e1993  =.JUIS ~.D7dv -~.1l158 -.0bo? L7733 «323¢ BEL7 - L9333 1.1235 «3524
11349 W19l -.0538 -.07238 -~.1its -.dD02 PRV DAY « 3437 <695y «353+ 1.15%20 « 9043
11303 e e e 2wl G328 ~elodY =~.116L  -.0723 «L¥1d . .333¢E 8520 3655 1.1480 +9388¢
11805 «2J30 «Gu3s -.bol1 ~.1279 -.ub50 «3823 327 3418 «93¢J  1.138% «GuSu
_. 11303 v2lcw L 232LS _ma05¢8.mali38 =eliedl | WTH7G 3610 _ .Byto | .9337 1.1393 . 9515
11112 (1828 =.3150 =.0846  ~.3225  -.0490 G717 . 43289 0788  .936b 1.1895  .9554
V0305 o s21ul +D5eY =.0831 ~.10dd  —.03bg | 4538w L. 3939 L6315 L9501 1.1519  .976i
112318 elaud  -.USBZ -0 8wd  ~.1242 -.07u7 sJdodt + 3255 BELG «9325 141420 «971n
11221 ] et e +1313 megu39 = 0307 =.Il83 -.3b92 L0739 .3302  .697¢ . 49335 1.1387 . .3525
11824 «2J 30 silly =magw2l ~uilve —.u350 »Jd1ib <3313 635y .932bo  1.14¢8 .9551
1227 _ S2Ufn% __ oTO8L _=.iTee. _~.1180 . —euall __ WG7ES._ o3%8i__ o7iL& | 9343 1.1625  .3593
11132 c2193 22434 =.3359 =.1123 -.0057  .0331 3365 L6779 L9331 1.1356 L3439
11:33 e 2 Z2uyq ed3¢7 =.633d =~.u383 =.ie3i «958 . 33%5 «B759 <9217 1.122% «940u
1356 ©233¢ L0130 =.3325 ~.1159 -.0552  WG761  .3153 L6635 .3135 1.1136  .3293
11339  148.000.gal. _ . _ __ eliiu =eL20/ . -.09%3  ~.5935 -.3339 . (721 .3272_  .6056 9103 1.1127  .915]
11142 22126 J)iw3 -.0331 =.1573 -.0806 0720 .3331  .7116 9343 1.1881 2.1563
11354 22328 23838 = 0397 z.1099 =.3317 L0853 L3241 L5753 L1.1203 9395

_.e9272.

165°
<5476

. #5083 ...

«5294

FLY-Y-N

«5¢L9 ..

«5112 ..

5288

4518

«bB3Z

+5095
«5320b5
«5128
«SLEL
sbd42
e 4783
21l
«51587
«51%%
«5uL 1l
«5232
L ebhle
.50"\'&
5223
«5380
«3259
e3143
«5175
e53L o
«53L3
e520 %
o526
e2i2.
REALE)
«5223
<4562
« 4945
«Bc3
L.2738

el88y

«35133 |
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TABLE II (continued)

WATTENBIRS = UPRRZZ HYDROFRACTURE

T FRACTURE-JANUARY 27,1976

TIHE 0° 15° 30° 45° 60° 750 90° 105° 120° 135° 150° 167¢
11357 22153 LGG71 -.0635 =-.14738 -.0997  .C691  .3396  L7u32 L9677 1.1789  .9938  .57::
44444 12103 elH8l__=e0430 . __=¢0300_ -.1399 _ -.0488_ __ 0852 _ .3403 _ .6949 _ .9u463 . 1.1537 _ .9/34 335,
12808 22184  +0123 -.0437 -.1526 =.3716  .1552  .3%18  459C9  .9463 1.1450  .9582  .51%3
12110 01899~ 0103 _-.0559  =.0955  =.e0%98 __21257. _ .3241____.6720 ._ .92¢3_ 1.1152 _ _.9125 __ 4938
12315 w1807 =+3194 =,0738 =-.1188 =.0632 L0537  .3437 7024 3535 1.156&  +9631  .5337
. 12118 w1943+ J157__cei13é _ . =e1130 _ -.3659 40350 __..349i___ 7350 . _.95655 1.1617. .968b . 511
12:24 e2247 40132 ~.0333 <-.0723 =-.G377 .GB385 .3282 .6712  .9085 " 1.0983  .9213  JUbos
12124 02259 ___ o159 = 0445 -.1624 _-.0463 __ . 1258 ___ .3582 __ 7696 . _.9672 1.1595 . .9582  .54c5
12527 2195z =.308% =-.0D683 =-.,12101 =.6591 .5573  .3333 L6791 L9397 1.1345 L9577  .5151
12139 22470 D382 =.0587 _=.1130 _=.0555 __ L0839 _ . 3408 _ _.6951 __ .9588 1.1548.___ .3526 _ .5264
12133 ©185+ =+3329 ~.0318 =-.1(98 =-.9549  .06B42  .3493  .6915  .9573 1.1567 1.3134  .5363
________ 12136 e1985__=o0102__=.003/__=.1151 _~.0574 _ .1238 _ J3434_ __ 47523 _ +9555 1.153% . .9571 _ «5331 .
12233 W2152  e3130 =40558 =.1571 ~.3718 L0747 3434 L6958  .5517 1.1518  .9719  .5297
12142 __190,C00 gal. 020l _—eD01U = U835 _ 0998 _ ~.0527__ 41098 ___ 3426 ___.76G2 _ .9514  1.1691  .95315  .5263
12145 eZ1w9  J0L03 - 0433 =-.1258 -.3734  .133%  .3331 .6917  -.9453 l.1usi <4987 . .52C4-
12148 2208 = Uul2_ = 0534 =.1200 _-.d512 0458 __ 43343 _ .69U3 ___.9456_ 1.1483 _ .96 _ .5222
12251 ¢1981 =+0382 -.(550 =.1085 <=.0567 1345 .34%12 .6957  .9528 1.1513  .9963 5285
12154 . 22168 L0138 _=.0631  ~-.1195 =.0553 _ 1254 _ .3312 _ .6923 _ .9459 1.1457 - 3577  .5284
12857 ebudl 6347 0893 -.1049 -.0549 5955  .3513  .699Y  .95673 1.170¢  +9324  +5486
13100 02254 0222 _~o0435__=.0999 ~.0405 __ L069% <3516 __ 7509 _ _ .9543  1.1495  .9585 _ .5191
12:65 ¢1995 =eB615  =a0315 =.1029 ~al419 o11el .8%71 W7C17 .95/ 1.1585 L9455 537
12¢03 c2d4n___ .0d33 __=.0432 _-.1119 _ -.0564 __ 0366 43352 _ .6813 __ .9i4e2_ 1.1472 _ .96Z4 _ 45285 |
132153 022w8 <173 -.0377 -.1.29 -.J30B L0932 L3456 L7068 L9503 1.1593  .$835  .5288
13118 } eRLI7  LILIT. -.0239 _ -.090%  -.J229 _ L0831 .3398 _ .59G5 .94~ l.l454  .3209  .52¢8
13321 02227 T w178 - 0454  ~e1007 ~.0395 .G3p0 43602 7142 L9717 1.1737 485691 <543
13124 e194% = D050 __=.06%3 =~ 1105 _ =.0512 _ .GB8% _ .3393 _ .5975 . .954i  1.1572  .9538 _ .5313
13:30 «2175  +3u83 ~.0582 <-.1168 -ec482 0916 3333 7191  .9713 1.1735  .3925 <551
13133 21078 =ad232 _=.0678_=.1159  _~.Ubbb4 __ 0487 ___.3235____.67uB ___.936%._ 1.1401 _ .9583  .5131
13136 «2305 0291 -.5128 =.1335 =.2356  .578% 3329  .0823 .9386 1.1382  .9275  .5137
13133 235,000 gal. 2137 JOULl7 __-<0438_ =.1137 ~ U576 __ .0303 _ 3485 __ .5995 . .9078 1.1u069  .3759  .34b7
13242 «2181  +0Y564  =.0553 =.1154 -.0b639  .C588  .3387  .6599  .9508 1.1552  .3I617 5273
13845 e $2197 JDE78  =.0286 _=.1152 =.0615 _ L0534 _ . 3318 _ 6940 <9417 1.14G7  .3445 _ 5125
13:51 e2iwu  eL377 -.D516  -.3939 ~=.Ju22  LGB76  .3346  .o871  .9389 1.1303  .94ib  .49Gk
15154 W2191 - D835 =.0255 _-.12b% =B85 ___ . 0882 _ . 3311 __ .6Yul _ .96454 _ 1.1524 _ .95637 __.52656
14302 V2048 +0J30 -.053u -.1118 -.0600 . <G775  +3386  +63k8 49534 1.157C L9536  .5293
14163 L e194b__ =.0U39 = 0520 _=e1117  =.3635__ 0645 .3384 _ .5943  .95327 1.1562 _ 9585 3255
14:66 42094 L0083 T-L0389  2,11357  =.063C W0725 0 .331C L6735  .9até  1.1437  .953%
16209 w1312 =.0131 =.85b4 ~.1123  -.8551__ .0373 3346 __ .6935 _ .952& 1,1515  .9uud
T 14215 02013 ce0333 S 0479 =.12237 -.0751  L068% 3263 L6646 49457 1.1454 . I463
14118 42351 G408 =-.024d -.1669  -.0585  .0728  .3272__ .6887  .93u8 _1.1351 __ .9428 _




K:}

FRACTURI-JANUARY 27,1976
TIHE 0° 15° 30° 45° 60° 750 90°
14121 e2169 .17 -.0$94 -.1355 =.9855 L0253 L3155
14324 .. - L e284Y8 TeL333 ~.0563 =.118. =.3531 . G851, . 3447 .
14127 2006 =eLu33 -.0532 -.1311 =-.6%05 .09%8  .355%
14830 .. e2180 . sCddn. . =e0w38. =070 . =4u34G . ellub . (3377 __
14133 21805 ~.al54 =.0336 =.1135 =.96lu L0632  .3333
14336 _ . e L SATT3 = e 3220 =a0208.. ~e1232 . —e3b3c <0311 ... 43517
1642333 il 13 “eid32 ~.U0748 -~-.1391 -eud31 L0713 « 3238
14342 270,000 gal. oo LerlB48 | cei 110 -.0B63% ~,1253 . -.0601 . L0885 ... 23430
18145 L2284 WG130 =.0851  -.10bo  =.ubbY L0555 L3148
14348 e22¢5 . e3lde_ ma 02832 _=41222 _.meuB7b . _e03TT .. 03297 ..
14858 «2289 sU2Uu -.deld ~-.119¢4 -.0023 oliBu3d « 3330
9398 L L o el e e e e1378 =.U353 -.3358 =.1112 =.0535  ..0390 .. #3432 ...
14157 W211Y% W04/l d =J 0471 =.1L73 -.u358 L1083 .3333
15389 . ... e e+ e #2187 .u1384 -.0303 -41181 =.0028 . L1038  .335%
15136 s17063 =.0481 ~.0304 =.1282 -.0784  .D%28  .3216
15239 e189L, 2 0udd _-.0062b. _=el230._=eobl7_ _ 0540, __ +3259 .
15812 22139 L0u33 -=.0331 =.115% =.055% L0743  .3299
15215 . e e #27ub . #3458 =,0238% =.1251 =e57063  JG7ib .. .3277
15113 ] e2udb L0923 ~.042¢ —.lub2 -.d7453 L0337 3411
15821 __ Stop pumping . <2878 _ +324> =.0124 -.L170 -.90695 . Li791 .. .3369
19124 22051 WJ3U7  ~.bdd5  =.1178  -.0585 L0338  .S$387
13127 _e1933__ eQulI__~e053)8 _ = 12435 __~.3053 __.C83C __._.3397 .
15130 1830 =40331 =.0378 -.2453 - U8bd L0424 3161
15:33 . . . e2192 3153 -.0339 -.12ib -.8%05  +OUTR L3347
15: 35 «2ull «Uilds  ~el4uw —.1281 -«d735 0722 . 3272
15339 . . eZvd2  sUani  ~o0135 =Jll4d  =,47i5  LG517 .3.71
15862 ldad -.5122 U513 -.1324 -.JJd0od «0331L « 3331
_..15345 eé20u__. 2039 _=e04d1 . =e1209 . ~adu23 . 4?34 . .32.4
15844 d26Yw meUedd  meud+3 =elu7¢  =.d5653 .65333 .331u
152851 _._. o e e .. %1DOL . meBudl  -.0738 =.110: =.3bil WL843 . 43295
13134 2222 43125 =4023% =e1895 =003 46753 3329
15357 ... ... . e2035  WUUTS =.040Y =eLi7% =..358 . .0Y935 . .3536 .
10809 233 =eliad -.002¢ -.1250 -.U00/ siduwl <3108
______ 10353 e19687. 40035 _=e0342 _=eli3W . _=eJiE33 __aibY _ 433513
163i6 22udy  meld23 =.0333 =.1159 -—.5071 0888  .322w
16209 _ . . c28be . me0ddd 0332 =.12iw .=e3fui . L0723 . 3148
16312 $2i58 <3179 =021y =.1105 -=.uu95 L0327 L3394
16885 .. .e265%. .. 10585 _=,0029 ~.1389 -.3614..._.C72% . L3415 .
16118 e1382 ~.0u3+ =-.006+9 =.1318 =-.3711 .067% .3385
e—_1b32% e1S9/__ =018 -.0083_ ~,1205 _=.0019 __ L G754k ___ 3439 _.

WATTENBIRS - UPRR22 HYOROFRAGTURE

105°
6723
.7.69
.75

Cellbe

7510
Tl
«69id
7122
B71i

«0S43

«bg12
«5495
«69¢9
6855
«68u8
«6463
20836
w009
«5951

.6931 |

6918

Le7325

b8l
N-ETY
D93
«bvEY
«6633
32
0363
«08%8
5832
71kl
0738
JB853
SETT4
6716
«6997
7032
AT

o783 ...

120° 135° 150°
9351 1.1406 9300
Le967L 1.1666 . ,3730
L9753 1.1852 1.0.L43
£9731 1,1728 . _.Y875
9388 1.105¢ .9589
. WS7739 . 1.1839 9612
29479 1.1975 .3733
L9748 1.1849 .995%
.9223 1.1291 9297
23467 . 1.1528. _ +9544 __
L3433 1.1507 .9519
. w9537 1.1825 .9801L
«JuEl 1.14E3 + 3459
W9479 1.154b .9523
+9387 1.1463 29515
L e9423 1.1511 __ .9617
9452 1.1517 .9733
29435 1.i35¢ 2335
29542 1.15602 9263
£9545 1.1612 v9704
29543  1.1584 .9782
L 69559 1.1b10 . _.9682 .
29393 1.1912 L9473
29533 1.1643 . 38395
«9eu? 1.1332 .95b6
29357 1.1152 39231
.9239 1.1283 +93ko
Le93h 1.1368 .. 9324
S943¢ 1.1496 L9542
sYwiv  1.1%38 3671
9433 1.15G1 . 3585
9725 1.1801 L8933
.9315 L.1445 9421
23651 1.1489 29343
+9335 1.1410 29357
29236 1.12489 e 3ui?
29527 1.1631 .90943
9824  1.1691 « 3d0b
29896 1.1730 .9825

29727 1.1862 . 23368 .




TABLE II (ccntinued) e et o e
T T T T T TUATIENDERG - UPRR2Z MYDROFRACTURE T T 7
T FRACTURE-JANUARY 2741975 o 7 T T )
YIME - - - -  mmm—— W e o i — . .;.._..“.. . o -
0° 15° 30° 45° 60° 75° 90°¢ 105° 120° 135° 150 165
Ties2e . b2218 w3122 TE.gu32 T-.13ub 10681 WG752 - .3412 L7599 L9674 1.1720 .9877  .5658
16327 e w2309 W00L1 _ -.0435 _ =.1219 _ =, 0602 __ .0782__ .3458___ .7132 .97i4% 1.1815 . .9834 __ 5504 _
16330 22038 =eCJUl2 =-.0643 =-.1208 =-.3602 L0753  .3272 .69Cb 9473 1.1530 .9452 .52¢3
_______ 16839 276220681 __ oDUJ6__=e3933__-o0439___ 0835 _ .3575__ 7193 __.9813 _1.18063 _1.32006 ___ 43574 .
16142 24 b 5837 -.0212 -.1127 -.0579  .0827 .3398 6999  .9528 1.1628 TR 4 «5324
_....16145 _ Start flush o2l J03u0__=.0276__=.1020 _~.uuB7  _ 1018 __.3562_ __ .7i48 __.9758 1.1823 _.9843 __ .5309
15348 2018 20536 <=.0126 =.0941 -.J4d6 5317 .35387 L7354  .3771 - 1.1848 .9753  .56(3

1b154 Finish 22056 _=e0828 _=.0561__=.1138 _=.0580 __ .0799__ .3367 __ .6348 _ .9375 1.1567 _ .9665 _ .5345

6¥

16354 . 02299 o425 -.0235 -.19bi -.0551 L0332 L3453 7069 9523 1.1896  .I737  W5L77
163157__ Total Volume-297,000 gal. ,z221 ZJIB3 = 0472 <. liUe2__=.39ul___ 0737 3442  __4703%3 __+905/_ _ 1.1652 _.9331 __ «33us _
17340 2931 <0299 -.02)1 ~.3917 -.3sbl  J0B47 3554 L7143 ,9684 1.17<4  o3I7EB 0 W54Lu

17803 . 22500 ___ +J489_ o015 __=o1UL5 _-.0433 __ 0861 __ <3422 __ .6927 _ . +953« 1.165% _ .9893 _ .S54u8
17309 «2580  +0428 =.0239 -.111G =-.3545 G731 .3359  .6993  .954% 1.1631  .34859 5421
ooy 22436 Wdalb__ = 0419  -o1054 =.3433 L0881 L3471 47298 _ <9693 1.1825 .9751 .56
17215 egled o008 =.0064%9 ~.11E7 ~.0526 0825  .3536  J7i76  -.984B 1.1G45  .9885 . .57&06 -
17319 22489 Wde26__ =J0412 _ ~,0858  =.0309__ .035% _ .3410_ 470062 _.9521_ 1.1582 __ 49302 __ 5333 _
17321 e2104  +J1uwl -.0473 =-.092% =-.0385 1054 43461  .5984  .958% 1.16&6  .9473  .5383

... 17123, W28 w0250 =e0L177/ __ ~.0875 ~.00083 __ 1335 _ _.3518 _ L7148 __ .93350  1.1661 .9580 . 5413

17325 0223w U130 =e0489 =-,3833 ~-.3820 L1wl 43493 L7116 . G637 1.164b  +97C6. <5343

17126 e16Ub__=euSlh _=a0854% _=.08061_ -.03%8___ 1154 __.35U0_ _ .71u8 __.985% 1.1616 __ 9520  _ +5344
17323 e2415  «030% =e0724 =—.3Bbd  =.0276 1130 .3576 L7222  .97L3  1.1751 .9305  .55C4
17330 21977 = 0337 = D684 =.1064  -.uu?9__ o036/ 36434 __J71i1___ 29635 1.17069  _ <9665 _ o443 _
17331 «2363 0213 =-.0528 =.1205 =-.0699 L0865 .3176  .6835 .9%17 1.1L43  .920f 451738

17133 . _e2tul __ a0218 - 0485 _ -.1033  ~.0012 __ o076 __ .3259___ .6908 __ .937/ 1.1468 _ .93569 _ 5195 _
17234 «1524  ~edbulk  -.10730 -.1191 -.07+7 L0800 .3.93  .6599  .9145 1.1193  .399%  .s814
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TABLE -1 (continueZ)

'
1

AlTIZINIERG - UPRRZZ HYDROFRACTURE

FRACTURI-JANUARY 27,1975

.

TInz 180° 195¢ 210° 225 240° 255° 270° 285° 300°

72353 «13i3  =e3133 =.1124 =.1540 ~,03382 « 455 « 3554 «6610 1.0341
CTB03 e i e #1808 mlJole =.143G ~.1884 «1139 ... .0207 . 42215 ....6575 1.0833
7305 2uvd «Jul8 ~.1011 =-.2583 «13599 .0udo « 2550 be?79 1..678

710 ellldimei238 . mallol. _=a1723._~.1u59_ _.031% .26308.—. .b3di... 1.0542

7315 sibeY  =el279 -.1139 -~-.1173 03w 0831 .3528 J7E6G 1.3135

732 o e a1 072  me3283 (-a113% =L210G3 . -.1457 = B0L9. ... J2472.._4532% . 90808

7:25 17085 =.3235 -,1177 -.23%% 1870 -.G333 L233¢C 5176 WTE7L

L83 el BOb L =027 ) me1176 . =a1726 . =.1020 ... .034L 22815 . 5375 1.0483
7335 21702 —eB21E -.1192 -.1H27 =-.995¢ .£355 22361 Buil 1.9536

JUN & 13 1350 __=e303U_mel577__ - 1924 _=el278 __ G152 ___.2708 ___.63t4 _1.04238
73438 el1dgs  ~«0180% =-..083 -.10695 s1243 G209 «2837 D443 1.3703

7850 . 230l edaly . =-.0529 . -,10889 o117¢ .. oULF4. .. ..2355 36218 1.070%

7355 01798 =.0237 -.1248 -.1%51 1315 0291 2710 8107 .9858

8100 o - Lelovd | =.J298  -.11061 ~,3458 | -.0074 . .0518 . 3150 . .6928 1.18uo

8:35 «1310 -e0.51 ~-.13d5 ~-.1889 «1214 G247 «2599 B2l 1.0383

s 8:10 eldlo _=el937 _~e1339 _=0258 _=ed5U0.___ 03756 _ _+339% __ 47234 _1.223J
8:15 2yl 0307 -.0932 -.143% . 0321 L0337 .282¢ H453  1.0B41

8:20 R e e e e #1725 S 0223 501258 —e185%8 -.ld74 . U393 0 J3ubs 58wl 1.1138

8:25 1031 —el378 -.1243 -.1743 «1.73 0283 2782 634t 1.0412
B e, @M 233 =) 250 =W11D7 =.1093 | ~.0975 . _ 3331 _ +2899 . .65633 1.11683
8:35 e1oU3 ~eGodd -.1077 -.2186 .1335 SBLG7 2739 .b6613 1.(3843

______ . 8t4J _Start pumping elDEl | 2ed8I3 - liSB _ T L7756 _=.U987 __ 0345 ___.2819 _ _.656C . 1.0323
4365 1300 "edwld3  ~.1231 -.1343 eloul L0323 2685 5155 9342
815y ... —_— e - _ elduv  -edllo -.1132 =.1427  -.u/89 L4865 . .2921 WEZ3 1.08G9

8:553 eld/6  ~eldlu =.1397 -.i209 -.3886 Piwdl .2913 63554  1.5330

9103 ... _ . eiBU/ meluld =e13835 -—elw?3  -,085C L0431 2072 26377 1.0425

9:(5 elianw T dlE =.1142 -.lcil . 5850¢ L0374 L21tD 6492 1.4507
. 9110, el 080. _md 158 _mald3s - el6ud _ ~.J929 . L0402 . .2813 _. .boG) . 1.03¢3 .
5313 220 sug2% ~au734%  =.1370  -.3829 L4983 2938 6016  1.0315

3115 . _ e . eLlIi3 ~.UZ0u —.1339 -.1732 llod L0208 L .2530 5960 L9551

3:13 el>u7 =eUGl3 =.1%063 =~.5929 W133: ~-.Ll¢0 eZu29 «0157  1.0243

9822 ~ N el dlZdB =399 =.1215 -.2238 -.1ai7 .0G3u 23806 5269 1.0025

9:25 sloll  Tey233 -,1225 -.133. -.1955 0384 L2331 .B527 1.2351
...9128 138/ _=e)526 _malw/3 _=.l022 = 303 J0385 . 420674 ___ 0243  1.u128
9333 e1622 =e3lob  -.1034 =-.1748 -,1518 03825 2764 <635z 1.0501

3333 . R o Jel399  -aulld -l1dld =.1300 =el1176 | L0251 | L2763 .. Jbu73  1.0743

9336 e135> =4 0032 ~-.1d)7 =.173% syl L0239 «233°0 WBLll 9758

3139 55,000 gal. . ... ... e1821_ . +*.d218 -.11J5 _~.178Y .1iled 20217 2041 | .5285 1.0451

9:42 eldotk  -e3125 -.3d30 ~—.i314 K 03us .281% 6470 1.0832
91345 224383 U023 ~.0935 ~.1510 0832 L0278 22766, 6360 _1.035b61,

330°

315°
1.26064 «9805 LY
. 1.22%6 +9931 3714
1.2533 «9745 « 5617
2142363 .. 499285 ... .5353
1.4711 L1.5472 «3823
1.1C40 «3193 «52C0
29757 «3673 <4382
r.2282 9571 «531L3
1.2¢9% I DY-3 «5231
1.2231.....3632 . .56E4
1.2537 .95.5 «5359
1.2613 «3885 «5011
1.1639 .3217 ol Gizi
1.3458 «93919 . .5529
1.1%09 «Jhbd «53¢3
1.3881 _1.0130 . .56l
1.2343 «33206 «4963
le3u52 1.0247 «5934
1.21569 «9564 «327/
1.2913 « 9304 «54Y5
1.2762 1.3232 «5353
1.2613 . _e9792 . o443
Z.1674 «9254 b363
1.2525 «9632 «330/
1.2357 «I752 «53067
1.216¢ « 9444 5263
11,2246 «¥571 .5201
1.2286 ....9578 . 2310
1.264% «37%0 Swl3d
1.1297 «3105 3i8
1.2135 «91l1~ T3S
1.1663 «37893 «3095
1.2625 «98303 « 5453
1.13385 «3323 . 3
3656 5341
«324> «55L3
«91306 ol
«39512 « 3277
«35069 «5287
_1.2238____ 3343 _ 44558
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TABLE II (cor.tinued)

HATTENBERS - UPRR2Z HYDROFKACTURZ

" FRACTJRI-JANUARY 27,1376

TInE 180°  195°  210°  225°  240°  255°  270°  285°  300° 315°  330° 3450
9348 +21061 «J216 =,08J6 ~.1998 -.1352 0u45 2422 . 5982 «9797 1.1623 «9337 «52706
TET c100B__=eU3hi_ =.1289_ -.1333 __-.3673 __ G674 __ 3012 6772 1.1631__1.30bk _ 9737 _ 5312
9154 <1900 Z.0082 =.0933 —.1749 -.1102  .0323 2625  .5222 1.3150 1.192%  .9318  .5165
9357 e18d1__ -eGl34__-43098 ~-.1788_ -.1325___ 0356 02813 _ 6529 _1,1002_1.2775 __ 9848 __ «5574
10340 elwls8 ~.0533 =.1435 =,1159 =-.05%48 «Gbok «2917 <6637 1.14L5 1.2956 « 3459 +4885
—..10s03 eldul__te0131 43139  -.1843__-.113C__ 0223 ___ 2645 ___.B292  1.0574% 1.2323 __ 9545 _ .5351 _____.
10306 ol8ul ~e0udU =-.1328 =-.1735 -.1106 «023% «2550 +b6205 1.0239 1.2033 « 3430 5242
o 10829 1592 _=e0620 _-a1205__ =41902._ -+1205. _ .GL3k__ .2479__.5972 . .9793. 1.1599  .924d . +51(8 _____
19312 elw89 <-.0521 =-.1341 -.1759 -.1G57 0225 «25498 «B21h 1.0422 1.2170 .9378 «5173%
1215 01520 _=s0338 _-=.1253_ = 183i _ =.1177. 0211 _  .2661__ «E293_ 1.0371 _ 1.2107" _ +9582 . _«5423
10218 al/34% =-.0358 =-.1138 =.1051 e Y34 0357 «2649 «0287 1.02538 1.2331 «9301 5120
o iDs21 C13U8 _=e1267_ -.1017 _=.10G3 _-.5938 __ .C368___ .2738 _ 6337 1.347 1.2176 .  .3%42 _ 5201
10124 o773, -.3237 -.1388B -.1805 -ell102 0283 .2619 .0¢15 1.020b 1.20067 «9491 «5357
_1a:27 21801 -e0205 _-.1193  =.1719 -e1i54 _ G273 __.2699 _ .6322 1.9355  1.2303 _ 942 51563
10¢30 el43l 617 ~=.185% =-.1495 -,0301 .0323 «2019 0247 1.0268 1.1943 +9159 Te49330 .
10:33 1409 =.0337__-.1391_ =.1562 _-.0877__ .036% __.2762___ 6375 1..542 _1.2256 _ .9435 __ 45151 B
13:35 01799 = uUdl&% =117 =.1097 -ellb52 .0237 2971 «6139 1.6198 1.193¢ «9234 «5035
10339 __ 103,000 gal, c1769_ -ey275 _~.1098"_ -.1525 _-.1892 G366 .2755 __ 6347 1.0541  1.2283 _ .3423 _ .5168
13842 1732 =40236 =.11d4 =-.1599 =.0971 20374 2074 6332 1.0503 1.2226 «9429 «51538
10145 e21l4_ <0453 -.D956 -.1643  -.1332 _ .0333 __ .2672 6353 _1.G546_ 1.2239 __ .9363 __ .5134
10348 e1895 ~=.018)1 ~e039¢3 -,1888 -.1154 . 0237 2588 +6183 1.3U%8 1.1872 YL 5201
10251 e1998 <0052 -.0985 -.106% =.9951 _ .G312 __ .2707 __ .6369 _1.G651 1.2381 _ .3532 __ .5249 )
1085 <1397 =~-.0151 -.1J1Y9 -,13895 -.1247 bl +2609 +b210 1.u1355 1.1975 « 9483 «5275
12357 01823 _=4)525 _~o1185_ =1730 _~+1039 _ G316 __.27¢1 _ 6335 1.0693  1.2238 . .9445 _ 5215 _
11103 «2dlY sudS = 04920 -.1718 -.1458 0200 «2575 .0158 1.06151 1.1926 «92384 «5105
11103 1916 _ =+00%1 -.1008_ _-.1776 ~-.1.85 _ .0266 _ .2584 _ 6253 1.0332 1.2165  .9623  .5351
11500 1709 =118 ~ole34 ~=-,2479 =.1070 .0221 +20149 3254 1.0270 1.2566 «9358 «5254
11:09 1796 =e0258__=.1233_ -.19:13__ -.1510 _ .0148 _ .2514 15212 _ 1.0167_ 1.2019 __ .9435 _ 5469
11312 «1919 =~.JUd8 - 3994 -,10641 -.13386 0273 <2047 «0228 1.0313 1.2840 +930% ~ .2079
11115 W189L 004G _~.1058 -.1765 -.3947 _ .025% __ .2683  .6391_ 1.0821 1.2542 _ .3545  .5292 _
11818 e19ls =42123 =-.10U03 =-.21u8 -a14393 -.0U54 . 2273 «508¢ 8930 1.0425 .8918 +510 4
11121 o u1dw2 -eL3B3 =41373 1756 -oliel _ WG247 __ .262C _ .6235 1.0311 1.2534  .9313 _ .5316
1124 1778 =.0240 =.1103 =.1745 -.1082 210 20621 « 6260 1.0412 1.2176 9537 «5315
_1p:e7 2071 20035 -.0956_ -.1508_ 0788 0585 .2967 _ ,6/64_ 1.1303 1.3062 _.979i _ .5467
—_11330 elB47 -.i4323 -.1013 -~.1io0u4bd -.0358 +0319 « 2955 «0290 1.632i 1.2596 +9380 5228
11333 21547 =.0750_ -.1239__=.2116 _ -.1252 0155 __.256d __ .0336 1.G35% 1.2407 _ .971%  .5662
11336 «1B92 -ed23+ =-.1071 ~.1885 -+.1239 0155 +252% L2738 1.0342 1.214b6 «J469 e 5410
113139 148,000 gal. n sluwl  =+0615 -.1%05 =.1568  -.0989 _ .G243 _ .2515  .6L78_ .9439 1.166é  .9083  .4886
11842 18554 «e3312 Laik327 -.178C -.1149 201506 2524 6170 1.6138 1.1902 «9384 «5235%
11154 10002 _-.D081 =.098% -.1953 -.1168  .6322  .2766 _ .be9% _1..614 12432 .931s _ .5713
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TABLE II (continued)

FRACTURI-JANUAR

Y 2741970

HATFE!B;&& - UPRRZZ-FYOROFRACTU-

TIHE 180° 195°  21p0° 2250 240° 2550 270° 285°
11357 Coliluu 42339 - (316 -.1802 -.1103 L0341 W 23854 6312
12803 e i i e 0 B0 Ul oL WMl L - 0332, -.15%L . - 1u37 ... JOL35 ... 42387 ... .5%49.
12:04 “sluen =e1355 =,1333 -.1731 -.i.32 +4265 .263z2 V3513

12112 b1407 =027 = 1105 _=u1YE9 -, G900 D377 __...2685 — 5841 ..
12815 1998 L0474 <=,0317 ~-.1237 -.569% L5507 L2891 .3651
12328 o e ez @20 8w . alD3 L ~.GB48 —.l5U5  -.3d72 . .O425 ....2728. .532¢
12321 e1818 =-1u37 -.1335 -.16.3 -.1li03 .02¢3 2652 6372

. 12320 _ — el = X775 malddi =WlB77 . -.1153 . L0201 ... .2605 ... .b271
12327 1777 L6012 ~.0308 -.1750 ~-.1137 .£216 L2445 6130

12530 W1876 =2 0al2 _ -e0332. ~.155% _~.0318 0511 ___ .28yl ___ 56528
12:33 +1908 “edud3 =.0823 =.2009 ~=.1514 =.GC78 2249 L5663
12136 . e e e e i e .. ¢ F903 = aBU)T m00843 L -a1853 . -.1273 ._.0059 .. .2381 . ..385%4
12339 193¢ 0059 -, G771 -.1730  ~.1050 6317 £ 20625 €357
12142 190,000 gal, _ - c1335 . -ad152 =.0340 -~.15006 =eudY5. ... 0505 ..26063 . Jt476
12343 s179c =e3334  -.10381 -.l02/ ~-.3917 L0373 e71: YN

- 12548 S 7S e 37 =032y, =l 5k = lU75 0250 _ 4258J ___ €l
12351 1390 =.0iJ2 -.03ds% =~41753 ~-.1185 «0162 2L354h eBLil
1285% e ~ L eldwo =S 32% _-.0337 -.17i0 -.1833 .. .0331 ..2000 ,6295%
12357 e2lub 3338 -.Buod JHabi  2.2Z24b L1311 4126 167
13200 1403 GBIl -L383d. . ~.22u3  -.1u90 . L3263 | .2238% . 46356
12:65 e1dud e 036 -.0/3> -.1811 ~-.1593 WL173 2v12 LBl1E1

______ 12:03 L7 30 = e033a_2add24 melT57 _meliio __ J023b __ 42537 _ 45278 |
13:15 21332 =e2)3d -.L3/o -.17ds  -.1532 328 L2851 0338
15818 - R o el732 -.0321 ~.u3dd -.lasd ~-1230 20137 J2ubd .oL2%
15:21 $23&1 23126 —.07w> m.luic -.gB8LL LuB2h 2331 655,
1312 . R e ol i JJull =.d8)5 -L.loib% -.Lle3S 0230 e2284 0295
15:32 2uv9d eul2d =.0i579 =.173Y%  -.ile53 .0223 2527 +5216

_____ 153833 L alU13__ce 0183 meUT2b._—e1345 =0 d51 _ . JIZ27/ . W2574 __eb.52
13:30 el7w Tesa4d m.ulSu -.lbBIZ ~.117. 7% <2677 «b 362
13839 235,000 gal, . 2022 A2 - 05855 -.ludh -, U3t L3561 2547 L6373
15242 183/ =eM 227 -.0841 =~dl092 =-.1.03 273 $25Gh L5369
1385 . _._ . e ) w731 medwi7  =.)B87 -.1558 -.u878 | (0431 L2371 .60l
13351 el57,  =e@332 - 07e3 -e23%93 -.1071 eL271 20625 B3I
13354 el8le__ =ed222 _-eU222_ 7ol 777 —eltbe_ JD2%6 42042 .bE3W
14290 1857 =e(118 =390 =.1817 -.1128¢ 230 .2536% Bzl
1203 . 2815 =.12:7 =.ydid -.1823  -.1199 L0155 2459 BL73
10:06 eif35 =.1315 -.09%eL =.1735 -.1l137 236 2074 L5229

1303 1848 sudBh =,33835 . =.21738 -.151% -.0121 . .2228 . .5551
164315 1756 e23d0 -.0893 -.10%5 ~-.0321 6393 .2713 cou?l
14318 2100l me3LY o090k _=a2175  =.1352 0028 __ 22465 __ 46249

300°

1.04835

315°
1.0089 1.1919

.9923 1.1006
1.5724  1.249C

1.0671 1.2317 _

1.11C5 1.2b38
1.6343 1.2683
1.5522  1.2419
1.U357 1.2142
1.dice 1.1351%1

1.1214d . 1.2870

.8813 1.40728

«94dSs 1.128U .

1.0453 1.2223
1.0506 1.2287
1.5737  1.2538

.G673 1.13514
1.6178  1.20603
1.18498 1.1687
1.9552 1.2483
1.ull7 1.1344

«930l | 1.17142
1.0419 1.2¢91
1.6835 . 1.196%
1.2075 1.2779
1.045u 1.2¢223
1.52¢7 1.2063
1.9281 1.1967
i.5425 1.2302
1.6578 1.2287
1.0527  2.2343
1.1175 1.2904
1.00835 1.2+407

1.030% 1.2150

1.3143 1.1980
99891 1.1715
1.0755  1.2543

.1.0201 . 1.262% ..

<8553 1.3323

1.583 1.2539

330°
1.3563 «5375
8835 4097
«3591 +5363
09335 ... 65094 .
+3535 «5207
.333¢2 «5125
«355¢ 5374
«3517 «5371
«3232 «e3053
. +9b50 .. «52%5 _._
«8890 «6911
«90684 +5040
«9543 «537¢
3439 «5200
«3562 «5327
«9363 . ..5157
.9181 «5079
Y430 «3312
2.283. 2.5320
«954¢ . 45359
«3369 «5383
Le3283 |, WHi1d2
«J3562 «53a7
«9513 «5309
«9747 LT
9393 «5119
«9335 «5267
L. 9147 | J4B805
.3711 25637
«G45y «5237
i%430 e5252
«9551 53238
.35.2 5212
w3395 | W51¢>
«3359 «5222
9180 5020
<956 «5308
«3895 «493%
T} «52L1
#3602 _ _e5312

1.2686

Ve eesdeadbs . T

345°
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TABLE II (continued)

WATTENBZIRG - UPRKR22 HYDROFRACTURZ
FRACTJRI-JANUARY 27,1975

TIME ) -

o 180°  195° _ 210° _ 225° _ 240° _ 255° _ 270° _ 285°  300°_ 315°  330° _ 345°
14121 e1676 =.3352 -.1335 <-.1708 =.0952 .0349  .271K  .6593 1.127%1 1.3016 .9671  .5392
14224 21957 __=eu248 _=.0686_ _=.182zhk _~v1095____ 40284 _ .2619 _ .65251_ 1.G211 1.2019 __ 9373 5181
14:27 22114 L0036 -.U5338 =.1669 =.0955 L0360 L2726  .6375 1.0553 1.233% 9457  .5198

14230 2195 =o0710__~.0753  ~.1910_ =-.1172__ .018C__ .26¢39__ 65193 __1.01%5 1.2(10___ +3368 __.5237
14133 21939 -.U238 =-.03738 -.1876 =-.1221 0070 .2290  .5935  .9702 1.1559 L9083  .4926
1486 W207U__ o00%3_=4079% _ =o2157 __~41545 __ =.G189 __ .2116 _ 5438 _ .8636 ~1.0562 _ 8765 _ .4829
14133 21905  JGult =e0827 ~=.1364 =.0981 0346  .2605 6164 1.5105 1.18938  .I175 4363
14142 _ 270,000 gal, 22114 __=e00%9__~.0338 ~.1736 _ -.1098 L0211 2542 __ 46157 1.358% 1.1881  .3242 50352
14145 21618 -.0226 -e1031 <.2008  =41227 40126 .23G9 6205 1.0343 1.2205 96473 3326
TOYLY ) 01035  =eJ133 _-.0858_  -.1844__-.1083__ .0326__ 20696 __.56419 _1.G566 _ 1.2603 __ 9645 _ .5421
14151 v1049 ~e0127 <-.3838 <-.1339 -e05%3 0557 23492 7127 1.2153 1.3853 1.3511  .5553
L 143da 01936 _=eGiU32 = 0713 =.1755 _=o1013___ 0270 «2589 __ 45249 1.C279. 1.2080 .. «9333 _ 451i3
16157 1777 =.1286 -.1010 ~.1788 -.lus3 0328 <2711 5378 1.0352 1.2353  .9597  .5347
15:00 21952 =ed137 _~.0559 _-.18bb __-.1129___ .3285 _ .2669 5415 120560 1.2362 _ 9567 - _.5383
15106 21875 =.0353 -.0579 -.1848  ~o1137 0252  .2576 6083 9851 1.1695  .9262 45067
15109 21791~ UD35__ = 0787 _=.1835  =.1284___ ,5565__ .2379 __+5916 _ .97I5__1.1561 __ 9097 _ _.5Cl4 __
15312 21832 ~. 0086 =052& =.1800 =~1074 <0218  .2579 <6391 1.u623 1.2428 9476  .5279
13315 - 01987 _=s0112_ =oG732 _=.3516 . .J345 __ 1550 4511 __ .8564  1.5613 1.6888 1.15i2  .6l60
15113 W1876 =+1138 =.D83b  =.1638 =.0953 <G540 <2785 <5514 1.1u86 1.2813 <9541  .5233
15:21 __Stop Pumping e1915 . _=e0243__~.03084 -.1669 -,384% __ .GS3I5 _ .2379 _ .5378 1.1665 1.349% 1.06255 _ .561b
15824 1886 =.0398 = 0386 =.0664 L0202  .13857  .3963  <8ubl 1.5424 1.6683 1.5326  .50U8
15827 e187U_ ~e0241 _=.0855 _=.1796__—e16l_ _ec23% _ 2687 __ 6290 _1.0303_ _1.23113 _ «94¢3 __ »3222
15139 W17dis meBuol -elw37 <.2777 =.2555 =.GB833 1293  .3958  .%93% L7136 47532  ee14.
15133 w196 _=e3356 o079  =.1580  —euBlb __.C498_ L2874 6733 1.1282 1.3036 <3978 5662
151356 LB/7%  =l0U%0  =.0839 =.1588 =e0933 L0316 42712 <6439 1.098% 1.2673  .9491  ,5288
15239 _ 1524 me0311 _ =.1u39 ~.1883 _-.1107 . J030b 42816 __ 6bbk3  1.1223 1.8032 . .9882 _ 5677
15142 /58 =eU811 =.0777 -.2125 =-.1u08 =-.0040  .2323  .5663 .0953 1.0923 - .9G89 4961
15345 01597 =408 _ -.058. ~.1812 _=-vi124__ 0273 ___.2655 _ .6uwGl__ 1.05v0 _ 1.235% _ 9572 _ 25425
15148 1711 <0356 -.0971 =~.12u5 -=e0443  o0743%  .3151 7196 L.cwcu  1.4033  .9985  .5373
_____ 15351 w1738 _~eB5%0 _-.082i -.1%48  =,0053 _ 40385 __.2683 . «61i0  .9913 1.1385 .87d2  .4735
B 1585% 1755 - 0418 <.0338 -~-.i625 -.0888 0430 «2838 B7u4 1.1334  1.3154 «9857 «5412

15857 o e w2033 e630 _-40753 -.1795 _ -.1<68 _ L2906 __.2712 L5445 1.5513 1.8429 49567  ,5335
16200 1750 -~.0285 -.0897 =-.1848 -.1168 L0178 2320 WH6i86 1.(112 1.1939 L9310 512+
16103 1751 _=+037Y9_ =.0898_=.18015_ =.1165 __.1167 _ ,2533__ ,6266  1.0376 _1.2192  _.3395 __.5iv3

T 16100 1791 =.3159 -<0062% =e1869 =ue1115 40265 423565 <6197 1.0212 1.2455  «933)  .5ikd

16103 _ﬁ 1511 _teD517__=.0356  =,1728 _ -.1321 __.5312 | .2583 _ 6381 1.J435 1.2293 . .9uus  .5227
1112 7 2179y = 0435 ~.1057  -.1348  =.1221 L0137 42553  .b2b>  1.0432 1.2287  .9523  .53z6
16315 01902 =+ d033_ 0782 __=+1939 _~.119C __ 5205 _ 42504, __ 45246 _1.G519 1.1940 . <9431 .S3ui

T 16113 L2144 <5224 =.0823 =e1833 - 3773 L052% 2894 46693 1.1117 1.2813  .9583  .5227

16521 $2030 _ 29203  -o07LC _-.11GL__=.0316__ 0879 3278 __ .7363_ 1,2762_ 1.43565._ 1.0293  .5356
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—__TABLE II (continued) — . e e
o ) ) T T AATrENBIRS - UPRR2E HYBROFRAGTURZ
T T FRACTURE-JANUARY 27,1978

TIME 180° 1350

210° 225° 240° 255¢@ 270°

16324 2503 = 0137 =J0712 =.179Y  ~=.1082 LG29%  .2681 JE41d

16827 o e 020393 . 0 D120 . — w0725 mu2251...=4137 = 0047 . . .2335.. .59%4

1631350 1771 =.u831 - (306 -.1893 -.1218 L3138 2305 6089
_16:39 W2158 _W0UDG_ . _z.0551._=a0737.___ 40059 __o1238 __ 3503, 48123
15142 «182% "ed533 -.09Y35 =-.1bZ1 ~.0986 .O46b L2336  .6576
1b845 __Start flush  __ __ __ ,2032..-.005% _=.38J¢ . =.1518 . -.0955. _ J0442 ._ 282G .. .E388
16543 e2198 3307 -.052¢ -.1552 -.009i .5562° 3114 L7118
16151 Finish _ i L. 01983 =.0293 ~.0920  =.2051 . =.1e42 =,B023 . .22b1 5356
163150 «24 30 G135 - 0849 -.1359 -.1522 L6795  .3264 7324
16357___Total Volume-297,000 gal, _.19yd __=.uwal__ =039 _=o2U2d _=e1d51 ___o0Ltd5___ 2497 __ .S8b4
17309 2080 G631 ~.0747 -.1385 -.0043 L0655 .3dbl 6956
17803 o _al908b -J13E . -4BILY ~.1205 ~.G473 L0832 4331% . .7ubh
17:59 c2udd  JeUBBE ~e0uwld ~,1383 -=.l030  L0bYe 3302 7536
17312 | . 2200 . 4J130 _ =.G703 = 1418 ~ 0784 ___.057Y . .3134_ . .6787

17215 «23i8 eJ353 -.033¢ =.1340 -.0734% .CY35 «2984 -TY-1°)

1721 «1343  ~e0U3F -.07)b -.2i2% ~.1u29 -.01lb e 233 <5468
17823 . . Le2GUU L ~edu2 | = 0H37  ~,1831 | = 1153 | L0258 ... 2475 _ 8254
17:25 «1436 <~eJd13%0 =.11d. =.1572 ~-,i3936 Lu2s 2327 «E465
17320 . _. .. e e #1939 = 03122 - 41015 -l2W52  -.2088 _-L.0607 | _.10671 _ .4422
173248 <2130 «J1335 - 0%38 <~.1499 -, 744 1Y «3329 «EB344
171339 . XTTANTS § I IR I P R VT § -]

285° 300°

17319 1967 aUllu _~a05Jb __=ul673 _ =.3621 _ L0573 _ . 3385 __ JE0L7

0173 2033 ____.EC39 .

1.048%
.3503 .
293832

1.4345 .

1.55%6

Led744

1.1954%
«8363

1.2319

. «89u3

1.1499

1.2646

1.13%2

J1.4105
1.5484
1.06206

8375

.3813

1.G4v3

«38%9

1.1442

« 3377 _

315¢

1.237%
1.1559
1.1599
1.5344
1.2425
1.26487

1.38508

1.9327
1.4109

L 14953

1.3192
1.4380
1.37535
1.2364,
1.225%

1.2483 |

1.5153
1.171%
1.2358

«8G67
1.3222
1.1577

T a3 S1747  =3185% =.1351 ~.1330 -.0361 L6893 .3%37  .7432 1.29%5 4.4531
17833 C1795  =.3255 = 1135 =.12838 . -.0%53 L0732 _ 3334, 7355 1.3159 . 1.4661
17134 “lbob  *eu583 =038/ =.2029 -.1483 -.0131  .2261 45500 9162 G.3300

330°
«Ibuty
.3388
eJ147
1.1845

3727

«9892
1.035%8

8923
1.3359
9204

«9355
1.0440
1.2232
2973
«3391
5718
«3787
«3db3
« 95547
7942
«9653
. «9295
1.J1a7
1.0057

2.5000

345°
+5385
«3270
«51l5

. eblle

«5583
«5515 .
5904
«50d845
e5914
«5231
«55714
«5G535
588
«5080%
.5285

. e5E81
«9109
Dl
-4
u4?76

e -
e2DZ .

.e51b38

1YL
«5564
343320
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