Solution of Salt in a Horizontal
Fracture Sys-tgm Between Wells

AB$T_B}§G_T‘
Data presented on - exp
mvolving the use of both vertis
fractures in two-well systems in whick the ﬁ'actures
may exist initinlly adjacent to an insoluble or inert
bed or located with massive salt above the. fracture.

ental modeis '
and horizontal

Results of mathematical simulation and experi- -

mentel model data are presented.. &ffermt solu-
tion patierns are developed depmdmg;on the mode
of fraciure system. Shape. of cavities formed in
massive salt sections are aﬁ’ected _
at the roofmrface while cay 1) s'f'

appeczrance wi‘uch s expecred
exfrosure. :
Introduction and Purpose
Brme productmn is nbtamcd

leachmg operations. In other cases n:
munication between drilled wells is attempt:
the hydraulic fracturing technique’ When f

are formed and washing of soluble beds continues -
in the fracture, the progressive growth of the cavity.

formed becomes of interest because of possibie

means of modifying washing procedures and pos-

sible subsidence caused by relatively large widths

of cavities Tormed. Still another aspect of the

importance of mformation conceming cavity
growth is related to the queston of future frac-
tures emanating from other wells which may or
may not be directed into a cavity.

This study was undertaken to determine,
through the use of laboratory models, the general
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shape of cavity developed from an iniiial hori-
zontal fracture between two wells and to develop a
relationship between the growth of the cavity vol-
ume with time. Some idez as to the probable
ultimate configuration was also believed possible as
a result of the investigation.

Experimental Procedure

In order to determine the type of cavity pro-
duced between two wells connecied by a fracture a
system was. devised to- simulate the conditions to
be expected i field operations. For this purpose
salt blocks of various size. were uiilized. To
estzblish the fracture, or. path of the fluid intro-
duced mztmlly, a 1}32” to 1167 thick metal plate
was laid on z smooth surface salt block, and fixed in
position by means of molding clay. The edges of
the salt. block were then raised by means of the
same clay, and Hysol #R8-2038 with hardener
[12-3475, obtained from the Hysol Corporation,
Olean, New York, was poured on the surface of the
salt. Preliminary to this, of course, the block of sait
was levelled so that a uniformly thick coating of
plastic material could be obtained. After the resin
hrad hardened the molding clay was removed, and
the metal plate, used to form the initial fracture
condition, was taken very carefully from the salt
surface so as not to extend the fracture in any
manner. Later fractures were completed without
the use of any metal strips or plates, and just suf-
ficient amount of molding clay was placed to allow
a fracture opening of about 1/16th inch in depth.

in order to seal the entive salt surfuce, other
than the fracture, a piece of Lucite 1/4 inch thick
was cut o the exact size of the salt block and was
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cemented to the block with Hysol. Inlet and outlex
connections were provided in the plastic sheet to
fit the particular fracture dimensions, No difficulty
was experienced in obtaining complete coverage
and sealing of the salt surface, though it was neces-
sary to have the specimen block level, to employ a
thin layer of Hysel solution for the final sealing,
and to‘app]y a small uniform load on the plastic
plate.

Alter the Hysol had drcd, the block was in-
verted and washing operations begun. In this man-
ner, progression of solution of salt was that which
would be possible with a fracture at the base of 2
soluble salt bed.

Water was used directly from the 1ap. A needle
valve served as a meany of regulating the flow rares
and, in addition, a by-pass was provided to assure
somewhat betier control when {luctuations in pres-
sure occwrted. No difficulty whatsoever was en-
countered in establishing a uniform flow rate. The
rate was measurcd by means of a rotamcter placed
in the line on the upstream side of the salt speci-
men, and direct measurement was made of the
brine produced from the outlet well,

The amount of salt removed was determined
from the volume of fluid flow during each definite
time interval and the average specific gravity of the
fluid during this time. At the end of each expen-
ment brine was drained from the cavity. This vol-
ume was measured and the speeific gravity deter-
mined. Finally, after drying, the insoluble material
was removed and weighed, From the known spe-
cific gravity of this material (anhydrite} the volume
of such was detertnined. Total volume was the sum
of the volume of fluid drained and the volume of
insoluble material. Further, a Plaster of Paris mold
was made to give the configuration of the cavity,
and a volume was also computed from the mold
weight and determined specific gravity. In prac-
tically every instance the final volume of the cavity
was established well within 10 per cent by the
three means descnbed.

A brief description of each leaching experiment
follows. ‘The results are tabulated to show the pro-
gression of each cavity during the period washed.

With some of the test blocks, in order te fore-
stall o lezk occasioned by a break or crack in the
salt, the entire salt block was encased in Hysol
Another box, made of wood, was used to hold the
salt. The Hysol was poured around the salt, and 1o
a depth sufficient to cover the plastic plate used on
1op of the salt to scal the salt and fumish the frac-
ture and well spacing.

Soiution of S

Experiment No. I was set up in the manm
described and washing was continued for twent
two hours and twenty minutes. A cavity of 344
cc. was produced using a cumulative volume ¢
water of 30,580 cc. A plaster mold of the cavit
was prepared. This mold served well to measure th
dimensions of the cavity formed and yielded a fin:
volume of 3240 cc.

Experiment No. 2, the block for this test was pre
pared and totally enclosed in plastic as befon
Initial {raclure was one inch by sixteen inche:
While washing, air kept leaking in through th
bypass valve. Both valves were replaced and the a
was purged from the cavity and the mining cor
tinued for an elapsed timc of seven hours and fi:
teen minutes, A cumulative volume of 36,445 ce
of water was used producing a cavity of 1541.4 ¢
A plaster mold was made of the cavity and th
dimensions recorded. Total final volume of mol:
was 1515 cc., an excellent agreement with th
value obtained from the washing data. Sce photc
graph showing molds of various cavities formed b
usinyg this procedure.

Experiment No. 3 was conducted with x block hay
ing a twe-inch by ten-inch initial fracture. Th
block appeared to be massive and it was decided t
try to run the experiment without sealing it in plas
tic. The block was sct up, but after 1600 cc. o
water were circulated it was found a crevice leal
existed, The block was scaled in plastic and wa
again set up and leaching continued. The cavits
was formed with an elapsed time of five hours. /
tetal volume of 9895 ce. of water was used produc
ing a cavity of 850.0 cc. A plaster mold of the
cavity was made and the dimensions recorded. The
solution of salt which resulted from fluid following
the fracture was quite evident as a projection or
one side of the mold. Volume determined from
mold was 740 cc.

Experiment No. 4, in which for the first time ¢
low-grade potash ore was used, was set up in :
biock with an imtial fracturc one inch by ten
inches. This block again appeared tc be massive
and was set up without sealing it in plastic. The
block was set up and mined, using fresh water,
Sulution of the potash salt was continued for five
hours and thirty minutes using 10,860 cc. of water.
A cavity having a calculated volume of 1050 ce.
was formed. A plaster mold showed a volume of
935 ec. Very good symmeiry was observed. The
physical dimensions were recorded from the mold.
Experiment No. 5 was run on a block with an
initial fracture of four inches by iwenty-three
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Soiution of Salt

Plaster molds of leached cavities —tnp view,

Plaster molds of icached cuvities—batiom view,
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Plaster mold of Cavity No. 4—note symmetry.

inches with a distance of lwenty-one inches he-
tween wells. The mining was continued for a
period of sixteen hours and ten minutes. A volume
of 34,670 cc. of fresh water was used to produce a
calculated cavity volume of 3847.2 cc. A plaster
mold was made of the cavity from which the phys-
ical dimensions of the cavity were recorded. The
measured volume {rom the mold was 3660 cc. This
cavity was the largest formed and also represented
the cavity having the longest course between wells.
A photograph of the cavity mold shows the details
of the configuration. As in the case of each cavity
formed, the roof (top) of the cavity was perfectly
smooth.

Experiment No. 6 was conducted with a one-and-
one-half inch slab of potash ore with a one-inch by
ten-inch fracture. The slab was completely sealed
in plastic and set up and mined by circulating salt
water with a specific gravity of 1.118. The water
was supplied by a gravity flow system from a stor-
age reservoir. Yhe leaching was continued for five
hours and fifry-five minutes using 11,440 cubic

Sotution of S

centimeters of salt water. A cavity of 545 cc. w:
produced. The cavity was irvegular due to fractun
in the potash ore slab and 4 mold of the cavity w;
not made. A photograph showing the irregularitic
found near the inlet end and toward the middle
the cavity is included. It appears some selectiy
solution of sylvinite {sylvite} may have taken plac:
However, the same pattern was developed as in pr
vious Instances, namely a flat, smooth roof an
widening of the initial fracture width. Apparentiy
the use of salt water as a circulating medium doe
not change the basic mechanism of solution, bu
as expeeted, greater volumes of brine must be ¢i
culated to remove 2 unit volume of ore.

Experiment No. 7, again utilizing potash ore, ws
set up and run on a bleck using an initial fractuy
width of seven inches, with a distance of eleve
inches between wells. The washing with fresh wate
took five hours and {orty-one minutes wsin
19,250 oc. of fresh water. A cavity of 2160 cc. wa

Plaster maid of Cavity No. 5—bottom view.
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Note ragged, uneven solution at inlet and smooth roof at outlet.

formed. The block was not sealed in plastic and an
air leak developed along a small fracture. The air
leak was plugged with clay and was stopped for
two to three hours but finally caused the mining to
be terminated, The cavity was measured and the
measurements recorded and several pictures of the
cavity made. The typical configuration was ob-
tained. The effect of having a larger initial width-
to-length ratio of the fracture is to decrease the
time required te reach a particular saturation of
brine. This means, of course, that with a wide frac-
ture existing between wells, a greater amount of
salt {potash) could be removed in the early stages
of washing. It would mean further that greater vol-
umes of water could be employed initially and
throughout the leaching operations,

MATHEMATICAL ANALYSIS

The objective was to obtain z function for vol-
ume of salt removed as a function of time so that
at any time the rate of removal and the cavity may
be predicted.

The experimental work performed indicated the
concentration of salt solution is constant along any
horizontal plane, resulting in a flat roof and flat
floor for the cavity, with all progression being in
the positive and negative vertical directions. The
approach to the solution of the problem then
centered on finding the curve for the outline of the
cavity as viewed from above and then to integrate
this function over the thickness of the cavity to
obtain the volume.
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Cavity Na. 7 betore leaching.

{Lavity No. 7 after leaching.
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Spiution of Salt

First in linc in this approach was the streamline
analogy. It was felt that since concentration was
constant on any horizontal plane, a model based
on the source-sink analogy of fluid mechanics
would closely approximate the outline shape. Tt
did indeed do this fairly well for fluid velocities in
a sumitable range; however, the streamline function
resisted integration and so was abandoned.

The next approach was to analyze the cavities
leached In the lzboratory and to develop equations
which represented the configuration with time of
washing. All cavities leached had approximately
the same shape given below.

The volume was calculated first by approxi-
mating the darkened lnes in Figure L{b} and
Figure 1(c) by parabolas and then integrating over
the autline indicated in Figure 1{a).

For the parabola approximating the curve in
Figure 1{c), the assumption was made that

Y = a, X*+b X+q
where:

Y(a) = b, Y{a; = 0, Y{c) = @

Intet Qutiet
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End View

Figure 1. Section taken hall way down the length of the cavity:
v = Lf2
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This results in three linear equations

b = ay 32 +b1 a+ oy
23] a.+h, =0
a ¢ +thy c+e =0

whose solution is

b 2ab _ be{c-2a}

S - L Fr L v

and thus the approximating parabola is

SN S TRve .
Y P [-hX® + 28bX + b {c-2a)}

Likewise the equation for the curve indicated in
Figure 1{b) was approximated by

L

——— N2
e 7

g o=
and the area given for the top is
A
A 7 oL

where b is the variable representing the half-width
as one maoves up and down the shickness (at

2 =L () = b

The volume for the complete cavity then is given
by

g C
ot L

+ IEP‘% {c-2a) LdX + fz btan 34° X? dX

¢ .
. jﬂ Zab tan 34" X* dX

[
S e (e20) tan34° X iX |
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or

4 be* L (Bc +8bczan34 &
3 (ac}? Ez Sel+ Jacl? [ 4}

Vo=

where a, b, ¢, L are the dimensions indicated below

Top View

Cross Section

In the following examples applicaton of this
formula is made for cavities washed in the lab-
oratory to indicate the precentage error,

Cavity No. 1
g o AR
where

g = T% inches, h = %‘é‘ inches,
£ = %—mchas L= é%—mches.
= 3200 cc

The measured volume was 3250; the predicted
volume is 3200 cc. % crror is = 1.6%.

7
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Cavity No. 2

Where
a =% inchss, h = %inches,
g = %%—inches, { = iiqéi inches.

V= 1578cc

The measured volume was 1470 ¢c.; the pre-

dicted volume is 1670 ce. % exroris = 14%.
Cavity No. 3
Where
4 -—.‘%—mches b '—'-;;'-g*inches,
L= % inchas, L= —2%1 inches.
V = 1800 ec

The measured volume was 817 cc.; the predicted

volume is 1000 cc. % erroris = 22%.
Cavity No. 4
Where
g = % inches, b = -?G—éinches,
c = %‘; inches, L= —%}-& inches.
V= 918ec

The measured volume was 935 cc.; the predicted..
volume is 918 cc. % erroris = 1.8%. :
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Cavity No. b

[ * ]
L= ]

& = 7e = 75 inches, b= -i% = B inches,

2
¢ =3z = 1.80inches, L = %%g- = 22.8 inches

Y = 4000 cc.

Measured volume was 4175 cc.; predicted vol-
ume is 4000 cc. % error = 5%,

In order to make this volume {V} function a
funciion of iime, it was necessary to determine
experimentally how a, b, ¢, and L depend on time.
Once this had been accomplished, the resulting
formulas weve substituted into the volume (V)
function resulting in the desived relationship of vol-
ume (V) as a function of time,

First the b values were plotted versus time to get
the form of the curve relating b, ¢, 2, and 1, to t.
This graph (Figure 2) indicates these dimensions
are Iimear {umctions of time,

21); - bo for # i
2by - by for #2
2bs - by for #3
2by ~ by for #4
2by - by tor #5

in inches
T
¢ 4 O o b

=)
Illilllllt]

frocture width }
L

Lo
O rrr-r

RN E RN RN NN RN

5 10 15 20 25
Timea in hours

2 by {intet final ) ~ by {initial

Figure 2.

On the basis of Figure 1 we may assume, since
b(t, is a linear function that

2b{t) = h;t+ hu

401

where b, is the initial fracture width. Also, by 15
the slope of the line in Figure 1 and is seen to be

—1%- in/hr. or 0.025 ft/hr.
b{t) then is given by

bG
bit) = 0.013¢t +—

Likewise L(t) is given by
L(t) = 0.013t+L,

If the water is near saturation at the outlet the
experiment shows that ¢ changes at the ratio % of
the tate of change of L. Thus:

c(t) = 0.0045¢

Also, a changes at the ratio i‘% as fast as does c.

Therelore:
a(t) = 0.0012¢.

The volume in cubic feet as a function of time
then is given by

b
4(0.013t + 3 (0.004507 (0.013t + L)y
3-0.00331)°

vig = |

H—%) (0.0045¢) -3 (0.00121))

by
1(0.013t +2) (0.00450)°,

8 {-0.0033t)*

+ 1

E 0.0012t 0.0045t ]
3 L
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Shmplifying,

5
Vit = u}—g-;-‘i) (0.013t + =21 (0.013t + L) (1]

h
11.2 0 )
- “j‘['j?s”} {8013t + 5 y (1]

As an example, assume a calculation of the vol-
ume removed after 100 hours from an initial cavity
defined by: b, = 50 feet, L, = 400 feet.

vitoo = (X [@o13) (o0 + 5 oo (oo
1.2 50 .
+ 400 - 5{1“6“5—} (1.3 +-§-) (100)2 |

v{100) = 10976 - 2.83 = 10973

‘Two methods were employed to determine sur-
face areas. The first method was based on a model
with flat sides such as occurred when mscluble
material was present, and the other was based on a
prolate spheroid,

End view

Figure 3.

Surface area for the slab side model is given by:

SA. = 7 b%+ I VBT

Sofution of Saft

Where the first term gives the surface area of the
elliptical top and the second term gives the surface
area of the sides.

For the prolate spheroid model the surface area
is given by

SURFACE _ mpyLlb , .2, Lb . -
AREA 'l'i'(2 + be+ 32 sin €)

Where:
Viz-4p2
€= —T—

Figure 4.

I should be pointed out that this model is good -
only in the latter stages of the washing when the
cavity dees begin to assume the shape of half a
prolate spheroid.

Summeary

1. A study has been made ia the laboratory by
leaching salt blocks in which horizontal fractures
connected two wells,

2. Fracture width and length were varied. The
minimum fracture width was 1 inch. The cor
responding length was 10 inches. The maximum
width of fracture was 7 inches with 12 inches be-
tween wells. Maximum length between wells was
23 inches, corresponding fracture width was 4
inches,

3. The resolting configuration of cavity formed
may be described in mathematical terms which per-
mit prediction of the volume of cavity formed with
time,

4. When the initial fracture width is relatively -
large in comparison with the length between wells -
practically all the solution of salt takes place on
the roof of the cavity, and relatively Httle widening
of the cavity occurs with time.
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CAVITY WASHING TEST: No. 1

SCURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex.

CONDITION OF TEST: Fracture, 107 long, 1" wide
MANNER OF TEST: iniet and outiet at bottom of fracture
RECAPITULATION OF DATA

403

Time Val. of Waier Catculated Val.  Cumulative Val. Water
interval [ Fiow Rate Specific Gravity Szt Removed Volume of Vol Cavity
Min. per time cumulative ce/min Qutlet Brine "re/stage Cavity formed

interval T
708 ¢c getting set up
60 960 1,660 18 1.107 125 125.0 1.8
60 500 2,560 15 1.138 86.5 211.5 10.4
60 g00 3,460 15 1.148 97.2 308.7 9.2
B0 900 4,360 15 1.1580 7.2 405.5 8.2
60 870 5,230 14.8 1.162 98.5 501.4 8.1
400 ce used setting up
60 B55 6,485 14 1.180 140.5 £541.9 8.8
80 870 7,385 14.5 1.156 54,0 736.9 8.30
&a 800 8,255 15 1.157 99.9 8349 9.1
58 1,480 9,705 22 1.150 167.0 981.9 9.2
80 1,075 10,780 18 1.148 114.0 1,105.9 9.4
60 1,100 11,380 18.5 1.150 118.0 1,224.8 9.2
60 7,080 12,970 18 1.1583 120.0 1,344 .8 9.0
80 985 13,855 16.5 1.165 107.5 1,482.4 8.1
20 1,000 14,0565 20 1.170 120 1,622.4 8.3
80 825 18,780 1h 1.188 90.0 1,662.4 9.1
80 925 16,705 20 1.140 925 1,184.9 10.0
120 1,875 18,680 2} 1.137 178.5 1,933.4 10.5
B0 1,450 20,030 20 1.131 133.5 2,066.8 10.8
30 750 20,780 20 1.123 £4.0 21309 12.7
Drained 2650 ec 1.133 2440 2,474.9 10.8
60 1,350 24,788 20 1.156 147.0 2.621.9 9.2
80 1,008 25,780 20 1.165 Shut in 2,133.4 3.0
60 900 26,680 20 1.182 114.0 2.847.4 1.4
30 650 27,330 20 1.178 B3.b 2,830.8 1.8
3,256 30,580 1,162 374.0 31,3049 8.7
Dried and weighed
400 gm anhydrite
insoluble material 135.6 3,440.4

Volume (mold) = 3,240 ce

Length = 16.25 inches Height at infet = 2-1/4 inches
Width at inlet = 10.25 inches Height at inlet = 2-7/8 inches
Width at putlet = 8.30 inches

Width at midpoint = 9.25 inches
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CAVITY WASHING TEST: No. 2
SOURCE OF SALT: Hockiey 8ait Mine, United Sait Company, Houston, Tex,
CONDITION OF TEST: Fracture, T Wide 16" Long
MANNER QF TEST: inlet, Outlst at bottom of fracture
RECAPITULATION OF DATA
. Vol. of Water Cumulative
Time i Flow Rate  Specific Gravity %“ﬁ”;“e‘* V‘l‘;' Volumeof A ter
Intervel per time cumulative ce/min Qutlet Bring 8 y emove Cavity ol. Cavity
Min. nterval ae/stage . formed
15 1,000 - - - start up, Hlushed air from system, set rate
18 B0 1,800 53 1.047 258 258 31
15 1,750 3,650 117 1.058 73.0 98.8 24
15 2,150 5,704 143 1.048 77.0 175.8 28
15 1,450 7,150 a7 1.040 41.5 216.3 35
Flushed cut with air, 1,508 i, no data taken, Sp. Gr. of soiution was 1.041
(8,650
3 725 8,375 91 1.034 115 233.8 41
28 Fiushad with air, 1,100 mi, no data taken, changed valves while shutdown
{10,475}
17 1,400 11,875 82 1.022 21.6 255.4 85
15 1,060 12,935 71 1.022 14.0 268.4 75
5 1,108 Flushed air out of cavity, no data taken
{14,035)
i0 810 14,945 91 1.034 22 2914 41
15 1,310 16,255 87 1.029 27 3184 48
15 1,350 17,603 a0 1.015 14.5 3329 92
30 3,800 21,405 Triad to flush out air, connection broks, repaired,
tried to flush air second time
5 450 21,865 g2 1.017 63.3 3496.2 -} air
1.017 - Yin
10 930 22,845 a8 1.012 - ) cavity
Shut down, awaiting assistance in attempt to remove all air from cavity
il 1,000 23,845  Flushed aut system, na data taken
{1.074}
16 600 24,445 ] 1.030 385 435.1 15
10 750 25,184 i 1.110 83.0 B18.7 9
15 1,150 26,345 76 1.115 95.8 613.7 12
15 1,150 27,485 11 1.114 83.5 107.2 12
15 1,108 28,585 73 1.113 90.5 191.7 12
15 1,130 29,725 75 1.114 82,5 890.2 12
15 1,170 30,385 78 1.116 106.0 990.2 12
18 1,450 32,345 96 1.114 1265 1,110.7 12
15 1,150 33,485 76 1.112 95.0 1,208.7 12
15 1,100 34,495 87 INER 87.8 1,282.7 13
15 q79 35,365 85 1.098 70.5 1,363.2 14
15 1,080 36,445 72 1.097 795 14427 14
15 Drained 1,480 ml, Sp. Gr. 1.082, Stopped test ERY 1,504.2
Dried and weighed
110 gm enhydrite
Insofuble material 372 1,541.4

A e
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CAVITY WASHING TEST: No. 2 (Continued)

Cavity Dimensions after making plaster of Paris mald:
Width at inlet end = B”
Width at outiet end = 5-1/4”
Depth = 1-1/8”, unifarm over length
Width at midpsint = 5-1/2"
Length over-all = 18"
Valume {(fram mald} = 1516 c¢

405
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CAVITY WASHING TEST: No. 3
SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex,

COMNDITION OF TEST: Fracture 2" Wide, 10" Long
MANNER OF TEST: Iniet, Outlet at hottom of fractura

RECAPITULATION OF DATA

Soiuvion of Saft

, Vol. of Water Cumuiative
tTlme | e Flow Rate  Specific Gravity C;'T:gmd Va;‘ Volume of \\,1911-.%?_31}5_‘
”;f.m pur time cumulative tL/min Qutlet Brine 2 ) smove Cavity ? - Lavity
in. :ntervel Cofstage o prmed
Set up and purged air, ran in 100 mi, sliowed to set 24 hours
Started to run, found air ieak, fractured salt segment, total of 1,880 ml run, Sp. Gr. = 1.032,
shut down to seal fracture (37 {37
Sesled block of salt in Hysol
Started up again .
10 500 2,100 50 1.045 16.8 53.6 30
1b 460 2,580 3 1.066 224 15.6 A1
20 690 3,150 30 1.098 416 1172.2 14
k1] 800 3,950 27 1117 §1.2 184.4 12
30 280 4,810 29 1.125 7840 262.4 n
30 860 5,670 29 1.128 185 3413 1!
30 196 6.460 28 1,129 738 4157 1
60 1,620 8,080 27 1.132 1550 570.7 19
a0 680 8,780 22 1.138 66.0 636.7 10
in 126 8,480 4 1.137 718 708.2 10
1h 415 895 28 1.139 £1.5 748.7 10
Stopped test, drained 810 ce of fluid, Sp, Gr. = 1.130 §15 411.2 -
Dried and weighed
100.3 gm anhydrits
Insoluble material 33.7 8508

Cavity dimensions after making plaster of

Paris mold:

Width at inletend = 5-1/2”
Width at outlet = 3-5/8"
Width at midpaint = §-1/8"

Depth = 1-6/16"
Length overail = 14"
Volume (from mold} = 740 cc
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CAVITY WASHING TEST: No. 4

SOURCE OF SALT: Low Grade Potash Ore—New Mexico
CONDITION OF TEST: Fracture 1 Wide, 10’ Long
MANNER OF TEST: Inlet, Qutiet at bottom of fracture
RECAPITULATION OF DATA

407

. Vol uf Water Cumietive
n:i:nr:az i Flow Rate  Specific Gravity c;;?;?;f:gg:é‘ Volume of \%
Min. per time cumulative ec/min Qutlet Bring - ec/stage Cavity formed
intarval N R
b5 540 540 108 1.062 204 24 2i
0 420 950 42 1.062 18.2 38.6 23
15 450 1420 K} 1.083 27.6 65.2 17
15 450 1870 30 1.102 33.2 93.4 14
15 450 2,336 K} 1.112 374 136.8 12
18 460 Z,78¢ 3 1117 39.1 176.9 12
15 440 3,230 29 1.121 385 214.5 1
15 480 3,696 31 1.125 41.8 258.1 1
15 445 4,135 30 1.128 417 297.8 "
15 460 4,585 31 1.130 438 341.4 10
15 460 k055 31 1.132 4338 385.3 18
15 450 5,506 30 1.135 43.9 429.2 10
11 450 5,955 30 1.138 448 474.0 10
15 650 6,605 43 1.140 66.0 540.0 16
15 350 6,956 23 1.142 b8 §75.8 0
30 850 7,805 29 1.145 48.5 665.3 8.6
a0 860 8,665 it 1.148 §3.0 768.3 9
30 880 8,545 29 1.150 955 863.8 !
18 465 10,618 K¥| 1.151 50.8 904.6 g
1b 850* 10,869 30 1.146 89.5 9941 g
Drained an additional 600 ec of brine, 8p. Gr. 1.130 56.5 1,060.6%*

No insoluble matarial present.
Width at inlet end = 4-7/8”
Width at outletend = 4-1/4"
Width at midpoint = 4-1/2"
Depth, uniferm = 1-3/8"
Length = 13-56/8"
Volume from makd = 536 ce

*Test stapped because of air leak caused by hreakthrough at top of cavity which caused kigh flow just at end of last wash period of 15

e,

**Considering ratc of flow to be normally 4540 o¢ durg the 15 minule prriod, this would mean 408 cc of last 850 cc was drainage from

cavity, thus volume of fuid, by drainage, would be 460 + 600 = 1,000 cc,
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408

CAVITY WASHING TEST: No. §

SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex.

CONDITION OF TEST; 47 x 23" Channel, 21" between wells
MANNER OF TEST: Inlet, Dutlet at bottom of fracture
RECAPITULATION OF DATA

Saolution of Salt

. Vol. of Water Cumulative
Time | o Flow Rate  Spacific Gravity [éal;uflialed V[i;' Volume of M
“;‘?m per time cumulative cc/min Qutlet Bring # o Smove Cavity ol. Cavity

in. nterval ccfstage o formed
17 il 100 - 1.083 2713 2711 26.5
13 880 1,280 44.8 1.050 212 48.3 26.6
15 500 1,780 33.3 1.052 199 68.2 281
15 429 2,208 28.0 1.069 ith] 89.i 20.1
15 510 2,118 34.0 1.089 324 122.0 18.5
15 465 3,175 310 1.143 34.7 146.7 13.4
15 475 3,660 3.1 1.110 3.7 194.4 12.7
15 450 4,100 KA 1116 378 2322 119
15 445 4,545 22.6 1.120 34.5 2108 ilh
15 410 4,955 213 1.124 36.7 3018 1.2
15 B30 5,455 33.3 1.128 46,6 384.1 0.7
14 510 5,965 334 1.132 49.5 403.6 0.3
30 950 6,415 KW} 1.138 820 495.8 10.3
30 835 7.845 3.2 1.138 834 5806 9.98
30 850 8,800 31.7 1.145 898.6 688.1 8.7
30 850 9,750 KW} 1.150 103.0 7811 §.2
30 830 10,680 K) K1 1.152 102.6 8331 8.1
30 875 11,556 28.2 1.150 848 8987.9 8.2
18 320 11,875 32.0 1.150 34.7 1,022.8 9.2
ik 540 12415 360 1.184 B4.1 1,086.7 8.4
15 475 12,880 Kl 1.165 56.7 1,143.4 8.4
15 450 13,340 anga 1.160 52.1 1,195.5 88
14 485 13,825 323 1.154 54.0 1,2489.9 8.0
30 890 14,705 29.3 1.153 316 1,347.1 8.0
30 830 15,836 g 1.153 $03.0 1,450.1 8.0
30 1088 18,716 36.0 1.152 118.6 - 1,568.7 8.1
30 1,070 17,735 35.7 1.148 1187 1,684.4 8.2
30 1,010 18,795 33.7 1.147 1657.8 1,792.2 9.4
30 390 18,786 33.0 1.149 106.9 1,889.1 9.3
36 830 20,715 o 1.1581 VHER 2,060.6 9.2
30 1,028 21,738 34.0 1.181 1125 2,113 91
30 1,208 228356 40.0 1.150 13148 2,244.6 g1
30 1,360 24,295 45.3 1.148 143.8 2,388.4 9.4
30 1,290 25,585 43.0 1.143 1334 2,5621.8 9.8
30 1,310 26,895 431 1.144 1365 2,668.3 8.6
30 1,500 28,38% 50.0 1.144 156.5 25148 9.5
30 1,320 39,715 44.0 1.144 138.5 2,853.3 95
34 1,278 30,800 425 1.145 134.2 3.087.5 845
30 1,230 332220 41.D 1.145 1305 3.218.0 94

LA R e et



Splution of Saft 409

CAVITY WASHING TEST: No. b (Continued)
. Vol, of Water Cumulative
Time e Flow BRate  Spacific Gravity Caiculated Vol. Valume of M
tnterval . , s ; Sait Removed . Vol. Cavity ;
i per time cumulative ce/min Qutlat Brine Cavity b
Min, . se/stage formed
interval Ce :
3@ 1,200 33,420 40.0 1.147 128.0 3,345.0 9.4 ;-':‘,_
30 1,260 34,870 41.7 1.147 T 1332 14702 9.4 £ B
Drainad 3,700 cc of water, Sp. Gr. 1139 368 38472 3
%R
Insoluble material 228 4,175.2 : N
Volume from mold = 3,660 cc ,g;;% ;

Width at inlet = § inghes
Width at outlet = 4-1/2"
Width at midpoimt = 6 inches §
Length averall = 28" |
Depth, uniform = 1-7/8"
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410

CAVITY WASHING TEST: No. 6

SOURCE OF SALT: Potash Ore, low grade, New Mexico

CONDITION OF TEST: 17" x 10" cavity, 10" between wells

MAMNER OF TEST: Used salt water as Hluid §.G. 1.118,
Indet and Qutlet at bottom of fracture

RECAPITULATION OF DATA

Salution of Salt

. Vel of Water Cumulative
lr&l}?\feai o - Flow R'ate Specific Gr_avit\,r Bsa;;:tuéa;;dﬂ:;zl. Volu me of ‘%
Mi per time cumulative ce/min Dutlet Brine co/stage Cavity tormed
1. interval J ce
10 400 400 400 1.118 a g 185
16 430 830 28.6 1,128 28 28 185
30 1,028 1,855 34.2 1.140 16.1 18.7 B3.7
30 830 2,785 3.0 1.162 44 431 38
30 1,000 3,785 33.3 1.162 31.8 7438 312
38 920 4705 3n.z 1.168 327 107.5 288
30 920 5,625 0.7 1.169 33.2 140.8 287
0 180 6,405 26.0 1.172 36.1 176.8 21.3
30 940 7,345 31.3 1.174 34.3 211.2 27.4
30 300 8,245 300 1.174 36.5 24717 248
30 848 9,085 28.0 1.175 345 282.2 24.3
30 870 10,0485 323 1.178 40.7 3229 238
30 846 10,885 280 1.176 35.2 3681 23.8
45 11,440 - 1.169 20.1 373.2 271
Drained Cavity

Checked S.6. 8/11/65 at 1.119
Volume of cavity from amount dreined at and of test = 5dH cc
No mold mads, see picture
Width at iniet = 3-1/4" Bepth at infet = 1-1/2”
Width at outlet = 2-3/4” Depth at outlet = 3/8"
Width at midpaint = 3-1/4" Dsapth at midpoint =
Length, overall = 12-1/2"

i




Salution of Saft 411

CAVITY WASHING TEST: No. 7

SQURCE OF SALT: Potash Ore, Good Grade, New Mexico
CONDITION OF TEST: 77 x 12" fracture, 11" between wells
MANNER OF TEST: Inlet and Qutiet at bottom of fracture
RECAPITULATION OF DATA

Val. af Water Cumulative

Time ot Flow Rate  Specific Gravity Lalculated Vol. Valume of Vol Water
Interval or tims camulative Imin E et Bring - Salt Removed Cavit Vol. Cavity
Min. perta ceim =HIEL BANg cefstage ¥ farmed
interval (44
15 118 Fali| 51.4 1.162 gty 84.5 8.1
15 800 1,570 53.3 1.148 86.8 1703 8.3
15 168 72,335 B1.0 1.147 81.8 2518 9.3
15 785 3,080 50.3 1.145 75.0 3309 35
15 710 3,860 51.4 1.132 73.9 4048 10.4
15 760 4,620 BB.7 1117 B4.5 469.3 11.7
*1h 980 5,600 . 1.0498 9.8 £38.9 14.1
15 788 B,300 48.7 1.102 51.6 5905 13.6
**30 1,160 7,430 . 1.122 97.5 588.0 11.3
15 655 8,065 43.7 1.138 £5.9 753.9 10.0
***1h B30 8,686 42.0 1.129 58.7 8128 10.7
15 720 8,405 48.0 1.132 68.8 831.4 105
15 7180 10,185 52.0 1.1568 §9.4 970.9 8.7
15 765 14,850 51.0 1,18 87.5 1,068.3 B.7
15 750 11,700 50.0 1.157 85.3 1,143.6 88
il | 775 12475 51.7 1.158 83.0 1,232.6 8.7
16 178 13,260 51.7 1.158 38.0 1.321.8 8.7
15 785 14,015 51.0 1.157 86.8 14084 HES
15 720 14,785 51.3 1.186 81.2 1,495.6 48
15 785 15,580 53.0 1.155 84.3 1,584.9 ag
#EERELR B0 16,130 40.7 1.139 61.4 1,646.3 1.0
t11 300 17,090 - 1.163 g9.7 1,746.0 2|
Drained 2,160 18,250 . 1.134 209.0 1,955.68 10.3
Tatal volume of savity from amaount drained = 2,160 ce
No mold made, see pictures
Width at inlet = 3-1/2 inchaes Depth at inlet = 1-1/16”
Width at outlet = 8.1/4" Depth at putlet = 7/8"
Width at midpoint = 8-1/2" Depth at midpoimt = 1"

Length overali = 14-1/2"

*Found air in cavity and flushed out with water.
**Found ar to still he in cavity. Turned specitnen over ko purge of air and found sesudl air leak to one side of inlet end of block.
Plugged air jeak and purged of sir and continued.
*4x(hecked for and foune same plice as in ¥¥ leaking slighily. Repaired and purged of air,
**3¥+Took sample for analysis,
*aaxkfonund air leaking in again ol the samce place. Attempted to seal fractare und purged of air and continued.
$Found air still ieaking in and filled cavity with water and shut down.
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