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1 
The present invention relates to an improved 

apparatus for testing oil ‘Wells during the course 
of drilling to determine whether oil bearing 
strata have been encountered. More ‘particu 
larly the invention relates to an improved ap- ; 
paratus which may be attached ‘to ordinary drill 
pipe wherein an in?atable packer is employed 
to seal off a portion ,of the vwell and wherein 
novel means are provided for in?ating and de 
flating the packer. 
In conventional oil well ,drilling operations 

fluids known as drilling muds are employed to 
aid in carrying away cuttings and also to main 
tain a hydrostatic head in the well to prevent 
the uncontrolled escape .of gases prliquids ‘from - 
various formations encountered during drilling. 
One disadvantage of drilling with a drilling mud 
is that the sampling of natural ,i?uids occurring‘ 
in various formations is thereby rendered dif? 
cult. To overcome this disadvantage various 
types of formation testers have been devised 
which are provided with means for reducing the 
hydrostatic pressure in the vicinity of ‘the for 
mation to be tested in order that a sample .of 
the natural ?uids can beta-ken. 
Many of these ‘formation testers are provided 

with in?atable elastic sleeves or packers for 
sealing off the portion of the Well in which itis 
desired to reduce the hydrostatic pressure. The 
use of such elastic packers :is particularly desir 
able since they ‘can be expanded to give a thon 
ough seal and yet may be readilyvremoved from 
the well after being de?ated. Furthermore it is 
possible to position the elastic packers at any 
desired point in the well with very ‘little diffi 
culty. 
In formation testing using an in?atable elas 

tic ‘packer run on drill pipe or tubing some 
means must be providedfor in?ating the packer. 
The conventional means for doing this involves 
pumping drilling mud or other?uid such as plain 
water down the pipe, so that with aqsuitablear 
rangement of valves the necessary:in?ationrprese 
sure can be applied to the inside of the packer. 
The valve system is so designed .as .to ‘hold the 
pressure in the packer “until released, 'say by ‘a 
trip valve actuated by (for example) a go-devil 
dropped into the pipe from ‘the ‘surface. After 
the packer is set the desirable procedure ‘is to 
reduce the ‘pressure in the pipe ‘until formation 
?uids ‘can flow through it to the surface. An 
alternate to this, namely utilization of a ‘pre 
viously evacuated sample chamber, may not re 
move in?ltrated drilling ‘fluid and hence may 
fail to obtain ‘a true sample of the formation 

2 
fluids, The above-,mentionedlpressure reduction, 
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if (‘more reduction is necessary than can be at 
tained merely by using plain water rather than 
drilling mud in the pipe, can be obtained only 
‘by laboriously ‘swabbing down the ?uid level in 
theivipe to the desired extent. 
One ‘Object of the present invention is to pro 

vide ‘means for formation testing in which inflat 
able packers ‘are used but in which swabbing 
operations are not necessary. It is _a further ob 
,ieot to provide a formation testing device ‘utiliz 
mean in?atable packer which is in?ated by ro 
telling the drill pipe rather than by pumping 
drilling mud down through the drill pipe itself, 

_ thus permitting the use of an empty drill pipe 
to avoid .the aforementioned swabbing opera 
tion. ‘ , 

Briefly the invention consists of providing a 
pump actuatable by rotation of the drill pipe, 
together with suitable dogs to lock the pump 
case and ‘packer to ‘the bore hole wall and thus 
absorb torques which might otherwise damage 
the packer, and with suitable valves so that the 
following ‘cycle of operations is possible in the 
formation testing ,process: 

J'I‘he drill ‘pipe, with ‘the packer-pump-locking 
dog- assembly on it, iis loweredinto the well empty, 
or with ‘any desired ‘Water ‘cushion in it, until 
the ‘packer is opposite ‘the formation to be 
tested; , p p, , , 

‘The pipe is ‘rotated a predetermined number 
of turns, and then stopped. These turns ‘?rst 
operate the Fpump sufficiently to fully in?ate the 
packer, and then‘ open a valve connecting the 
interior of the pipeto the formation, Forma 

" tion fluids can then flow through the pipe to the 
surface, if the formation is productive of ?uid, 
and the customary pbser-vations are made; 
After the above test period the pipe is rotated 

a predetermined number of additional turns to 
close the valve connecting the interior of the 
pine 56.0 ‘the formation and ‘then open a valve 
permitting the packer to deflate. 
may then be withdrawn frornithe hole. 
The ‘nature [of ‘the invention and the objects 

to be accomplished will the more fully understood 
from the ensuing ‘description and from the ac 
companying drawing-in which i V 

Figure 1 is a vertical sectional view of a por 
tion 'of ‘the apparatus in position in a bore hole; 
‘Figure 2 is a ‘lower continuation of Figure it 

With-i3, pontionof lF-igure lr-repeated; and 
EigurezB is 1a vertical sectionalview of a struc 

tune which :may ,be substituted for the lower por- =4 
tion pf Elam-e2. 

The assembly’ 
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Referring now to Figures 1 and 2 of the draw 
ing in detail, the apparatus is attached to a sec 
tion of drill'pipe by means of a sub I which ter 
minates at its lower end in a shaft-like member 
2. The bottom of member 2 has attached thereto 
a bearing 3 on which is rotatably supported a 
cylindrical case 5. The lower end of case 5 has 
attached thereto an elongated mandrel 8. The 
upper end of case 5 is provided with annular 
grooves containing packing or sealing material 
‘I which ?ts around shaft 2. This portion of case 
5 is also provided with an annular‘ space e which 
communicates with the interior of sub I through 
conduit 8. > ‘ ' ‘ 

Supported within case 5 is a gear box I2 from 
which project a plurality of shafts II, I3, I5 and 
I1. Attached to shaft II is a gear“), meshing 
with gear 4 which is ?xed to member 2 below 
bearing 3. Gear box I2 is provided with a suit 
able arrangement of gears, cams, cranks, etc., 
so that when shaft II is rotated by gear Ill, 
shafts I3 and I5 .will be given a rotary motion 
and shaft U will be given a reciprocating mo 
tion. Shafts I3>and I5 communicatewith rotary 
valves I4 and 16 respectively. Exact description 
of the Working parts of gear box I2 is not con 
sidered necessary here since the arrangement 
will be a matter within the skill of a competent 
designerto impart the proper relation of rota 
tional and reciprocating motions to the various 
shafts to meet the requirements outlined below. 

Placed below gear box I2 is acylinder Is within 
which is ?tted a piston I8 attached to shaft IT. 
The upper end of cylinder I9 is in open communi 
cation with the interior of case 5 and the lower 
end of cylinder I9 is provided with an inlet valve 
20 and an outlet valve 2| so that these valves 
and the associated piston and cylinder consti 
tute a pump. Valve 2|] communicates with the 
exterior of case 5 through port 24, while valve 
2| communicates with conduit 22 which extends 
downwardly through mandrel 6. Conduit 22 
also is connected to a pressure relief valve 28 
communicating with the exterior of case 5. The 
purpose of valve 28 is to prevent the ?uid pres~ 
sure in ‘conduit 22 and hence in the inflated 
packer 4| (discussed later) from exceeding the 
?uid pressure in the borehole by more than a 
predetermined amount. Conduit 22 is connected 
to one opening of valve II; by means of conduit 
25. The otheropening of valve It leads to the 
exterior of case 5 through port 29. One open-_ 
ing of valve I4 is connected to annular space 
‘3 by means-of conduit 26 and the other opening 
of valve I4 is connected to conduit '27 which 
extends downwardly through case 5 and mandrel 
6. The operating sequence of valves i4 and IE5 
and of the pump constituting piston I8 'and 
cylinder I9v will be discussed in detail later in 
the speci?cation. It should be noted in this 
connection, however, that a port 23 is provided 
in the wall of case 5 to equalize pressures inside 
and outside the casein order that the pump! 
will operate properly. . . . . 

Attached to mandrel 6. immediately below case 
5 is a locking dog assembly which is adapted. 
to lock the device against rotation in the bore 
hole. The locking dog assembly consists of 

, a pair of slidable collars 3| which are ?tted 
around mandrel 6 and which are provided with 
keys 32 which fit into slot members 33 in man 
drel 6 so that collars 3| are permitted to slide 
to a limited extent in the direction of the longi 
tudinal axis of mandrelt but which are pre 
vented from rotating around the mandrel. “The 
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4 
two slidable collars 3| are connected by arc 
shaped heavy springs 36 which are provided in 
their mid-sections with hardened knife edge 
members 31 adapted to engage the walls of bore 
hole ‘6|. Stops 34 are provided on mandrel 6 
in the vicinity of collars 3| so as to prevent the 
latter from coming into contact with shoulders 
33 and 39 and thus prevent the buckling of 
springs 3% as the device is lowered into or raised 
out of the borehole. Although only two springs 
35 are shown on the drawing it is preferred that 
at least three or four be employed. 

Also attached to mandrel 6 below the locking 
dog assembly is an inflatable packer assembly. 
This consists of an elastic packer 4| which is 
attached at both its upper and lower ends to 
mandrel 6 by means of clamping collars 40. The 
packer is shown in its de?ated condition in the 
drawing. Its appearance in the borehole when 
in an in?ated condition is indicated by dotted 
lines 4Ia. 'Disposed within packer 4| is a ?ex 
ible tube 4‘! attached at one end to conduit 21 
and communicating at its other end with pocket 
4a which has been formed by indenting the wall 
of packer 4| slightly. To present a permeable 
medium through which the formation fluids may 
readily ?ow, pocket 48 is preferably ?lled with 
pellets 43 or other suitable packing material 
made of glass, plastic, metal or the like and 
held in place in the pocket by a covering made 
of a permeable material such as a closely woven 
fabric 44 which may be of metal or of heavy 
cloth made from natural or synthetic ?bers. If 
desired, packing material 43 may also be placed 
in ?exible tube 41 or the latter may otherwise 
be designed to withstand an external pressure 
of at least as high as the expected hydrostatic 
pressure of the ?uid in the bore hole. Although 
only one assembly of ?exible conduit 41 and 
communicating pocket 48 is shown, a plurality 
of such assemblies will ordinarily be employed. 
Conduit 22 communicates with the interior of 
packer 4|. 

. An additional conduit 45 is placed within man 
drel 6 to communicate with the exterior of the 
assembly above and below packer 4| in order 
that the ?uid pressure above and below the 
packer will be equalized when the latter is in 
?ated against the walls of the borehole. Pro 
vision for such equalization of pressure minimizes 
the strain that is put on the packer. 

It will be seen that when the apparatus of 
this invention is placed in a borehole, case 5 
and packer 4| will be ?xed against rotation in 
the borehole by virtue of the walls of the hole 
being engaged by the locking dog assembly. 
Thus when the drill string is rotated shaft 2 
will be rotated and will in turn rotate gears 4 
and Ill and thus the assembly of gears and cams 
within gear box I2. To arrive at a proper de 
sign for the mechanism within gear box i2, sup 
pose that it takes 100 revolutions of shaft 2 
relative to case 5 to in?ate packer 4i. The 
number of revolutions required will, of course, 
depend on such factors as the capacity of the 
pump comprising elements I'I, I8, and IS, the vol 
ume increase in the packer during expansion, the 
ratio of gears 4 and IE], etc. However, on the 
assumption that 100 turns of shaft 2 and hence 
of the drill pipe are required to in?ate the packer, 
gear box l2 should be designed to operate valves . 
I4 and I6 as follows: 
(a) Valve I4 to be closed from turn 0 (of the‘ 

drill pipe) to turn 325; opening from turn 325 ' 
-'.~ . to turn -'350;-- open from turn 350 to turn 550; ~ 
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closing from .turn??ll to: turn» 575; closed from 
turn 5'75to turn 775. - 

(b) ‘Valve IE to be open fromiturn 0 to turn 
100; closing from turn 100‘to turnl25‘; closed 
from turn 125 to turn-650; opening from turn 
650 to turn 675;“open from turn‘6'75 to turn 
775. 

(0) Above cycle to repeatstarting at turn 775. 
(d) During this time piston I8 operates con 
tinuously. ‘ 

In view of the above description‘of the func 
tioning of the device can easily be understood. 
The tool is lowered into the hole with sub ,| 
at approximately turn 0 relative to case 5,and 
thus during lowering the packer is de?ated and 
the interior of sub I is sealed off by valve l4. 
Sub l and the drill pipe may ‘thus be empty or 
carry a suitable water load, as desired. The 
packer is stopped opposite the formation to be 
tested, and sub l is rotated approximately to 
turn 450, and stopped. This rotation, in se 
quence, closes valve l6, gives the pump about 
twice the minimum number of strokes neces 
sary to in?ate the packer (the excess ?uid es 
caping through valve 28) and opens valve I4 
which connects the earth formation to the in 
terior of the drill pipe through port 48, con 
duits 41, 21, 26 and 8 and sub 1. 
The tool is left in this condition (valve I6 

closed and valve [4 open) for suf?cient time for 
formation ?uids to ?ow through sub I and the 
drill pipe to the surface (if the formation can 
produce ?uid) and to gauge their ?ow. The 
sub l is then rotated to approximately turn 7'75. . 
This, in sequence, closes valve M, to keep mud 
out of the drill pipe and to retain in the latter 
any ?uids already there, and opens valve IS in 
order to permit the packer to de?ate. After al 
lowing a few minutes for this de?ation the tool 
may be withdrawn from the hole. Alternatively, 
if a test has yielded no ?uid, or if relatively 
little ?uid has com-e in, the tool may be run 
again adjacent another formation without re 
moval from the hole. This may, of course, be 
done in any case if swabbing is carried out on 
second or later tests where too much ?uid has 
entered the drill pipe. 

Analysis of the above turn counts will indicate 
that the turn 0, and turn 450, and turn 7'75 (which 
is zero for the next sequence) stopping points are 
in the middles of regions 200 turns wide in which 
the appropriate valve con?gurations exist. Thus 
extremely exact turn counts are not essential, and 
slight rotations Of case 5 or of sub l relative to 
each other as the tool is moved vertically will 
do no harm. 
Although the embodiment of the invention de 

picted in Figs. 1 and 2 is adapted for up-hole 
testing, relatively little modi?cation is needed to 
adapt it to bottom-hole testing, as shown by 
Fig. 3 which represents a sectional elevation of 
a structure substituted for the lower portion of 
Fig. 2. The lower portion of mandrel 6, here 
identi?ed as 6a, is modi?ed so that a sampling 
chamber 50 is provided connecting with conduit 
21. Attached to the lower end of mandrel 6a is 
a production head 52 having perforations 53 com 
municating with chamber 50 through which the 
sample to be collected may pass. It is usually de 
sirable to place a layer of gravel or similar ma 
terial 65 at the bottom of the hole adjacent the 
formation to be tested, e. g. formation 63, in 
order to facilitate ?ow of formation ?uids into 
the sampling chamber, the gravel pack also serv 
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ing to support the formation‘ tester structure and 
thus .minimize strain on the packer. The se 
quence of packer in?ation and testing with the 
lbottom-hole sampler is the same as that “described 
above for the up-hole tester. 

It is to be understood that the invention is ‘to 
be limited only by the following claims, and not by 
the exact description contained ‘inithe foregoing 
speci?cation, which has been presented merely by 
way of example and not of limitation. 
What is claimed is: ‘ 
1. A well tester for sealing off a portion of an 

oil well and sampling ?uids in the vicinity thereof 
comprising a supporting member adapted to be 
attached to the lowerend of a drill pipe, a case 
rotatably attached to said supporting member, 
an elongated mandrel appended to said case, a 
plurality of arcuate spring members slidably at 
tached to said mandrel for limited motion longi 
tudinally thereof, but ?xed against rotational 
movement thereon, a lug carried by each of said 
springs in a middle portion thereof and adapted 
for engagement with the Walls of a borehole 
whereby said case will be prevented from rotating 
with said supporting member, ?uid sampling 
means supported by said mandrel, an in?atable 
elastic packer carried by said mandrel, at least 
two rotary valves disposed within said case, the 
second of said valves being provided with a ?uid 
exit port communicating with the exterior of said 
case, a reciprocating pump carried by said case 
and provided with inlet and outlet valves, a gear 
assembly, including a driving gear, carried by 
said case, shafts associated with said gear assem 
bly adapted to turn said rotary valves and to 
actuate said reciprocating pump, a second gear 
engaged by said driving gear and adapted to be 
rotated by the drill pipe through said supporting 
member, a ?rst conduit connecting the interior 
of said drill pipe through the ?rst of said rotary 
valves to said ?uid sampling means whereby a 
?uid sample may be conducted to said drill pipe, 
a second conduit connecting the outlet valve of 
said reciprocating pump to the interior of said 
packer whereby said pump will in?ate said packer, 
and a third conduit connecting said second con 
duit to the second of said rotary valves whereby 
?uid may be released from the interior of said 
packer to de?ate the same, said gear assembly 
being arranged so as to open and close said rotary 
valves in a predetermined sequence upon rota 
tion of said supporting member a predetermined > 
number of times relative to said case. ' 

2. Well tester according to claim 1 in which 
said ?uid sampling means comprises at least one 
port in the side wall of said elastic packer and a 
?exible tube connected to said ?rst conduit means. 

3. Well tester according to claim 1 in which 
said ?uid sampling means comprises a perforated 
head on the lower end of said mandrel and a com 
municating chamber within said mandrel. 

4. A well testing assembly for sealing o? a por 
tion of an oil :well and sampling ?uids in the 
vicinity thereof comprising a supporting mem 

" ber attachable to the lower end of a drill pipe, 
a case rotatably attached to said supporting 
member, ?exible gripping means attached to said 
case and adapted to engage the walls of a bore 
hole whereby said case will be prevented from 
rotating with said supporting member, an in 
?atable elastic packer attached to said case, a 
pump carried by said case, a ?rst conduit con 
necting the outlet of said pump to the interior 
of said packer, whereby said pump may in?ate 
said packer, said conduit having an exit‘ port 
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communicating with the. exterior of ‘saidease, a 
?rstvalve said exit port, fluid sampling means. 
supported boy-“said assembly; a second conduit 
connecting said sampling means with, the in 
terior of said drill ,pipe,whereby a ?uid sample 
may be conducted to said drill pipe, a second valve 
in said second conduit, and driving means con 
nected to said supporting member and associated 
with said pump and said‘valves, said driving 
means Fbeing adapted to actuate said pump and 
to open and close said valves in a predetermined 
sequence upon rotation of‘ said supporting mem 
ber relative to said case a predetermined num 
ber of times, said sequence being such that said 
secondvalve is initially closed, said ?rst valve 
is then closed to cause said pump to inflate the 
packer, said second valve isthenclosed to retain 
said sample in said drill pipe, and said ?rst. valve 

is then .opened-t'oxcause escapeiot ?uid from with 
in said packer whereby to de?ate the'same. 

5. Assembly as de?ned by claim 4 wherein said 
?uid sampling means ,is positioned ~ in the side 
wall of said elastic packer. ‘ a ,. 

>_ 6.7 Assembly as de?ned by claim 4 wherein said 
fluid sampling means is positioned on thelower 
end of said assembly below said packer. 
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