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Q: If you insist on that anal- -
ogy, many farmers are going
broke, while you’re trying to bail

~ out WPPSS by converting oneaf .

“ its reactors to replace the N-Re-
actor at great cost to taxpayers.
How do.you justify that?

A: We have to produce surplus
plutonium somewhere so Ameri-
ca can build more surplus
bombs. Why punish Washington
state for carrying out its histori-
cal mission? :

Q: How can you support the
generation of more nuclear
waste at Hanford and ask that it
be buried in some other state?
Don’t you think America’s sense
of fair play will demand a just
balance between production sit-
ing and repository siting?

A: We have to behave as one
great nation united for national
security, without regard to petty
regional and state prejudices.

Q: So you believe, then, that
you're representing the interests
of Idaho and Oregon on the ques-
tion. If so, how do you propose
that your sister states improve
their roads to haul waste safely
into — or out of — Hanford?

A: We'll loan our amulet to
their subway engineers.

Q: Does the Idaho congressio-
nal delegation support you on
the Hanford issue2 -~ ---

" A: Naturally. We've got them
over their own pork barrel, the
naltlional laboratary- at {daho
«falls. - Tl =

Q:.The polls.suggest that more ~ .-

than three-quarters of Washing-
ton state’s voters.jn November. . .
will oppose Hanford as a- waste *
repository. Don’t you suspect- ]
this translates into a simple ma-
jority who would oppose all nu-
clear produgtion at Hanford — if.
‘they could vote on it? =

A: We: never read newsbgpgxf o

pOuS. e, o ) v .

Q: How do you react to the
finding that it will take SO years
to clean up the present mess at
Hanford? - .

A: A windfall! It will provide
employment for unborn genera-
tions and guarantee a new indus-
trial base for our great state.

Q: Residents of Idaho and Ore-
gon believe they're in a no-win
situation on the repository, in
that the stuff will end up being
hauled through their states no
matter where it’s destined to be
buried. What do you tell them?

A: Accidents of geography do
happen. If they don’t like the
Great New Northwest we're
building, they can always move
to Florida.

Jack Carter is a Moscow writer.

Idahenian/Daily News
Wednesday,August 20, 1986

Hanford's
song and
dance team

By JACK CARTER

Heard the story about Sens.
Dan Evans and Slade Gorton and
their amulet that wards off ra-
diation sickness?

The charm is a stone of secret
properties on a chain. When
waved over a pile of nuclear
waste at Hanford and accompa- -
nied by the appropriate incanta-
tion, it decontaminates atomic
spirits, rendering the matter as
pure as desert sand.

The incantation goes: “Fire
burn and cauldron bubble, spare
our fair economy trouble; vot-
ers, voters, bury your fear, Tri-
Cities payrolls are so dear.”
(Apologies to The Bard.)

The amulet, first waved over
Mount St. Helens six years ago
to appease the inner-earth gods,
of course, is nothing but a faith-
healer's trick, effective as a
witch'’s spell.

It's worthless. Unless you
have faith in the sorcerer’s wis-
dom of Sens. Evans and Gorton
and others in the Washington
congressional delegation, as they
dance around the issue of Han-
ford's nuclear future. That faith
isn’t running very deep, as illus-
trated by the following question-
and-answer scenario:

Q: Since the N Reactor is
about worn out, shouldn’t it be
shut down to prevent the possi-
bility of a disaster? And if there
is an accident, how can you
avoid personal responsibility?

A: We have to balance the
risks against the paychecks and
votes of the 14,500 reservation
workers involved. As for acci-
dents, that's the concern of the
Department of Energy. They're
the experts; we're politicians.

Q: But with plutonium and
electricity in surplus, why do
you insist on taking chances by
continuing to run the reactor?

A: Wheat is a surplus commo-
dity, too, but you don't find any-
one olowing it under. .
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HYDRAULIC TESTING TECHNIQUES OF DEEP DRILL HOLES

AT PAHUTE MESA, NEVADA TEST SITE

By
Richard K. Blankennagel

ABSTRACT

This report describes the testing techniques used by
the U.S. Geological Survey to obtain hydrologic data in
deep holes drilled in volcanic rocks at Pahute Mesa,
Nevada Test Site. The testing program in each hole includes *

geophysical logging, pumping, and injecting and swabbing
between straddle packers.

Rock lithologies and qualitative data on hydrologic
conditions in the borehoie are obtained from electric,

caliper, temperature, and fluid resistivity logs. Quanti-

tative data on major water-yielding intervals in the borehole .
are obtained from radioactive tracer and spinner surveys.

Pumping tests are made to measure the combined yield of
the various aquifers. Injection and swabbing tests are made

volumes of water from, straddle-packed intervals and observing
the rate of decline or rise in water level resulting from this
injection or withdrawal of water. The yield of tested

intervals is stated as relative specific capacity, in units
of gallons per minute per foot of drawdown.
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INTRODUCTION

This report is & review of the geophysical logging tools,

mechanical devices, and techniques used during hydraulic testing

of deep holes drilled at Pgshute Mesa, Nevada Test Site. The methods

and techniques are repréaentaiive of the experience that the U.S. _g _

' 50,000
Geological Survey has gained during 6 years of hydraulic testing of
deep-drilled holes at the Nevada Tesﬁ_Site on behalf of the U.S.
Atomic Energy Commiesicn. The testing program, which 1s reasonably 950,000 .
standardized for use on the mesa, may be applicable with or without %EET
modificatione in other areas. The techniques of testing are presented
in great det#il for the benefit of those who may be faced wigh deep- 2,00 “
well testing for the first time,

The Pahute Mesa area lies about 130 miles northwest of Las 510,000
Vegas, Nevada, in the northwestern part of the U.S. Atomic Energy B
Commission's Nevada Test Site (fig. 1), It 15 an elevaﬁed plateau -
with relatively gentle relief and.includes an area of about 200 équate '!EEEEL____
miles; elevation ranges from 5,500 to more thanv7,000.ft'above‘méan
sea levél. .Pehute Mesa overlies a deep sttuctu:al:bésin containing
more than 13,600 ft of volcanic tuff beds and intercalated lave flows. :

The volcanic ‘récks are displaced by régiohalhfaults that strike E
N. 20° W, to N. 20° E.; vertical displacements along_faulta average §
less than 100 ft, but range from & few feet to 600 feet., Static ;
Figure 1.

e

water levels under the mesa range from about 1,000 to more than

2,300 £t beloﬁ land surface.
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Figure l.=--Location of exploratory and large diameter emplacement holes
drilled at Pahute Mesa, Nevada Test Site, Nye Co., Nevada.




The yield of water to wells penetrating the volcanic rocks

underlying Pahute Mesa ranges widely. Some of the bedded tuff units
are relatively watertight, Rhyolitic lava flows and densely welded
tuff have a wide ranée in water yiel& potential. Some parte of

these rocks ére virtually watertight, whereas other parts, particularly
the highly fractured zones or the b:egciated zoneg, may yield as much
as 50 gpm (gallons per minute) per-foo: of drawdown.

Underground testing of nuclear devices at Pghute Mesa involves
emplacement of devices within the zone of saturation in the volcanic
rocks. Many of the proposed tests require chambers at the emplacement
depth and these chambers must be constructed in intervals of rock
having specific capacities less than 0.04 gpm per ft.

Purpose, scope, and methods of hydraulic testing

The immediate objective of the hydraulic testing program
was to determine the water-yielding potential of the volcanic rock
strata in each test hole, and, in particular, those strata that

have the lowest water yield and are favorable for construction of

chambers in emplacement holes.
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Hydraulic tests were made in 17 exploratory test holes drilled

at Pahute Mesa. Most hole depths ranged from 4,500 to 8,000 ft; one
exploratory hole was drilled to 13,686 ft., In emplacement holes where
mining of chambers in the zone of saturation is scheduled, drilling of
the 72-in diasmeter holes is interrupted several hundred feet above
the interval to be mined. Casing with an outer diameter of 1(E-in is
tack-cemented at this depth, end & 93-in hole is drilled and cored
through the critical interval to permit geophyéical logging and
hydraulic testing. Hydraulic tests were made in five of these
center—punched.'large-diameter holes,

Commonly, hydraulic tests sre made in the exploratory holes’
after the hole has been drilled to a depth somewhat deeper than cﬁe B
proposed emplacement deptﬁ.’ Another suite of tests is made if the
hole ig drilled to a greater depth. The hydraulic testing schedule
followed in the Pahute Mesa exploration program usually starts with
geophysical logging. These logs provide detailed 1ﬁformation on
lithologic changes, potential water yield, and hole size needed for

selection of intervals to be isolated by straddle packers and tested

by 1njectionlor swabbiﬂg techniques.




After completion of geophyaical logging, & pumping test is made

to measure the combined yield of the various aquifers. The puzping test
dats are analyzed for transmiesibility following standard methods
described in the literature; see, for example, Ferris and others (1962).
During the pumping, radiocactive tracer agd temperature surveys are made
to locate the zones of entry of water into the hole. The principal use
of this phase of the hydraulic tests is to identify ;he large water-
yielding zones and to obtain some relative transmigsibilities. After
practically ell the fluide injected during the drilling have been
removed, during the first part of the pumping test, the composite -
formation water can be sampled. |

After the-puﬁp has been pulled out of the hole, selected intervals
in the drill hole are subject to & series of injection or swabbing tests.
Injection and swabbing teste are made by adding known volumes of water to,
or withdrawing‘khown volumes of water from, straddle-packed intervals and
observing the rate of decline or rise in water level resulting from this
injection or withdrawal of water. From the rate of change of water levels
in time, the yield of the various intervals tested can be computed. The
yield of the tested interval is stated as rerht%ve specific capacity, in
units of gallons per minute per foot of drawdowni. The water-level measure-
ments obtained during the slug injection tests may also be uti;ized to
determine the transﬁiséibility of the aquifer immediately adjacent to
the bore as described by Cooper and others (1967); however, the value of
relative specific capacity alone usually sufficed to pinpoint intervale
with tranemissibility suitable for chambering. The maximum interval
that may be straddled between packers is 198 ft; however, the interval
may be considerably less since lithology and hole size are governing
factors., Standard oilfield pressure gauges are used above and below
the packergs to obtain information on leakage around the packers. In
most tests, the packer seats have been satisfactory; but in some holes
the conditions have been so bad that effective packer seats could not
be found and, hence, a test of that particular part of the hole

could not be made.
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0ilfield drill-stem testing procedures--such as those described
py Dolan and others (1957) and Ammann (1960)=-were not utilized in
the testing program on Pahute Mesa; however, they have been used
elsewhere at the test site. The economic requirement of testing several
¢housands of feet of open hole in one sweep after completion of the
drilling and the known geveral orders of magnitude difference in the
gransmissibility of the zones to be tested favored use of the
inflatable packers and the slug injection method. In addition, the
inflatable packers could be run with significantly greater hole
clearance than the hard rubber packers utilized on standard drill-
gtem testing tools; they also provided a seal more than twice ae
long in time as the hard rubber packers.

In a companion report to this report, Garber and Koopman
(in press) describe various instruments used to measure deep water
levels at the test site and the relative and absolute errors of edch
gethod.
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GEOPHYSICAL LOGGING

The application of various geophysical logs to hydrologic investi-
gations has been publighed in reports such as those by Bennett and
Patten (1960 and 1963). and in some journal grticles. Interpretations
of loge and }ogging techniques, however, are governed by rock character-
istice in a particular aréa, drilling methods, and the objectives of the
hydtolbgic investigations. For example, there is little or no informa-
tion available for interpretaticn of basic logs made in holes drilled
in volcanic rock types. Stemming from experience gained on Pahute Mesa,

some qualitative data on rock lithologies and hydrologic conditions in

the borehole may be determined from electric, caliper, temperature, and |

fluid resistivity logs. Quantitative data on the major water-yielding
intervals in the borehole ere obtaeined from radiocactive-tracer or
apinﬁet surveys.

Electric, caliper, and temperature loéging operations need only be
monitored occasionally by the geologistlor hydrologist so that the
desirgd logging epeed (at Pahute Mesa & logging speed of approximately
30 ft per minute is most efficient and effective) is maintained by the
logging engineér. proper calibration data are noted on the log, repeat
curves of & short interval inm the hole are recorded, and the desired
horizontal scales are obtained., Direct supervision is necessary
during preparations before and during logging of the fluid-resistivity

(salinometer), radiocactive-tracer, and flowmeter (spinner) logs.
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A brief discussion of the application of electric, caliper, and
gemperature logs to the hydraulic testing program follows. Fluid
resistivity, radioactive-tracer, and flowmeter surveys require a
gcologiat's supervision at the well site; hence, logging techniques
sre given for these surveys.

Electric log

The electric log 1s used for the determination_of the lithologic
character of the rocks; hence, it is valuable for correlation purposes
gnd identification of potential water-yielding zones. Most ground-water
govement under Pahute Mesa occurs along open fractures in relatively
competent welded tuff and rhyolite. Fractures in the less competent
geolitized tuff unite are usually resealed by weight of overburden.

The normal and lateral resistivity chrves are excellent indicators of
rock types. Borehole fluid ;esistivities at Pahute Mesa are such that
the apparent resistivity of the l6-inch normal curve can be taken &s

the true resgistivity of the formation at apparent resigtivities less
than 1,000 ohm-meters. Apparent resistivities of relatively impermesble
zeolitized tuff units are usually less than 100 ohm-meters on the short
normal curve of the log; appafent resistivities of highly welded tuff,
vitrophyre, and rhyolite exceed 225 olm-meters. Examples of electric
logs in typical lithologies at Pahute Mesa are shown in figures 2 and 3.
In holes drilled at Pahute Mesa, the major water-yielding zones usually
occur in the upper 2,000 ft of saturation in rock types with resistivities

greater than 225 ohm-meters.
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Fi.gure 2.--L1thologic and geophysical logs of hydraulic testing program in
o 1expl.otatory hole Ue19b1 at Pahute Mesa, Nevada Test Site, Nye Co., Nevada
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During drilling operations using eir and water, fluids in the
borehole &nd rock formations are similer. Lack of contrast between
these fluids usually results in & flat and featureless spontaneous
potential curve.

Streaming poﬁential. probably the result of interaquifer
circulation aﬁd pressure differentiales (Patten and Bennett, 1963)
ie illustrated on the spontaneous potential curve in figure 3; the
streaming potential occures in the interval between 3,200 te 3.500 fe,
'and also may be noted at 3,600 ft.
| Celiper log

. Knowledge of borehole diameters is essential to selection of packer
seats, radiocactive tracer survey computations, and interpretations of
various geophysical logs. The caliper tool with three independently
operaéing’arma that are extended and retracted from the surface may detect
variations as small as # quarter of an inch’'in average holé diameter.

The caliper log often indicates rock type and highly fractured
intervale, and thus ylelds information related to porosity &and perme-

s’

ability. On Pahute Mesa the caliper curve is usually smooth and the
dismeter of the borehole is in gauge with the drill-bit sige through
sections of competent, non-fractured welded tuff and rhyoclite; borehole
rugosigy and sngular caved zoﬁes are indicated on the log in highly
fractured intervals. Prominent ledges and abrupt "washed-out” zomes
often occur at the contact of competent and incompetent rock types.
Intervale of zeolitized tuff are usually indicated on the caliper curve
by large "washed-out” or caved intervels; hole eize is generally

greater than drill-bit sige.

10

A T R A

5 9 ey o

Tempe
informatic
borehole (
thermal gr.
permeable :
depth, Int
in témperat
vhere there
increases o
subsurface
(f1g. 3) cl(
in the deptt
VCQUIfer at ¢
fluidé in th
Below 3,300

rapid increa

- packer testsg

of water move

1a the borehe

B tempergture 1

% testing metho

2l pbiia

o -




e

ft,

' packer
15 of

itly

1y detc;.ct
ster.
red
erme-

the
ough
orehole
hly
:ones
1e8.

T curve

7

Temperature log

Temperature logs in conjunction with other loge yileld valuable
gnformation on intervals of water entry and movement of fluids in the
porehole (Bird, 1954). Termination of a consistent increase in the
chermal gradient with depth may indicate & zone of water entry or a
’,gmeable intervel that is accepting water from an aquifer at greater
depth. Interaquifer circulation is indicated where there is no change
4n temperature with depth. Below dr above the interval of crossflow—
vhere there is little or no dovement of fluide--the temperature gradient
{ncreases or decreases to adjust to the temperature normal for the
uubaurface depth. The temperature logs made in exploratory hole Ue20f
(fig. 3) clearly indicate that the crossflow between aquifers occurs’
{n the depth interval 2,600 to 3,300 ft. Formation water from the upper
gquifer‘dt about 2,600 to 2,700 ft circulates downward displacing warmer
fluids in the borehole and enters the more permeable aquifer at 3,300 ft.
Below 3,300 ft--whére there is little or no movement of fluids--there is
rapid increase in the temperature gradient. Data obtained ftom straddle
packer tests (permeabilities and head changes) confirm the direction
of water movement in the borehole. Direction of movement of fluids
in the borehole may be determined frcm en examination of eome

temperature logs, but confirmation from other geophysical loges or

testing methods ie usually required.

11




Temperature loge made during }umping_are useful for identifyiﬁg the
wajor water-ylelding intervale. On figure 4, two contributing aquifers
in exploratory hole Uel9 may be detected on the temperature log made
during pumping at & constant rate of 66 gpm. The lower aquifer, a minor
contributor, lies at a depth of about 3,160 ft. In the 1nt§rva1 3,160

. te 3;090 ft éhere ig little or no change in £he temperature gradient;
thie condition indicates upward movement of water from the lower aquifer.
Cooler water enters the borehole frem the major equifer in the interval

3,090 to 3,070 ft and reduces the tempereture of the water from the

DEPTH-DRIVE SURVEY
66 OGALLONS PER MINUTE PUMPING WELL AT RATE OF 66 SALLONS PER MNUTE

lower aquifer. Upward movement of fluids with no additional contributing

zones ie egein indicated above 3,070 ft by little orIno change in the

RADIOACTIVE TRACER LOG (TRACEJECTOR)

temperature gradient. A radioactive tracer survey, made in Uel9c
shortly after the temperature log, indicated no measurable movement

of fluids below a depth of 3,200 ft.

Fluid resistivity (salinometer) lo.

TEMPERATURE LOC
PUMPING WELL AT RATE OF

The fluid resistivity tool contains eleéttodes spaced so that the
tool will measure the resistivity of the botehole fluid only and will
not b; affected by formation resistivities. For guccessful application
of the log to hydrologic investigations at the test eite, the drilling

'and circulating medim should be eir or water. The use of detergents

SALINOMETER LOG

MULTIPLE RUNS I SALT WATER
‘..‘m-!“

during drilling is acceptable.

f

TEMPERATURE LOG
SALT WATER'IN WELLBORE
| DEGREES FAHRENHEIT |

oeer
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Figure l,--Geophysical logs illustrating movement of fluids in exploratory hole UelQc

at Pahute Mesa, Nevada Test Site, Nye Co., Nevada.




The fluid resistivity survey is made in holes at the Nevada Test
Site after the natural fluid in the borehole has been replaced by a
low resistivity brine‘aalution. Contrasts in the resistivity of the
fluid in the borehole occur at the depths of water entry and circulation.
Multiple surveysf each récording e eiﬁgle resistivity curve in a range
from 0 to 26 ohm-metete. indicate zones of fresh-water entry by & marked
increase in resistivity (figs. 2, 3, & 4). Direction of water movement
gometimes may be deduced from an examination of the fresh- and salt;
water interfaces. When water from the contributing zone is circulating
in the borehole at low velocities, the fresh- and salt-wéter interfaces
may be noted at different depths iﬁ the direction of movement during
the multiple log recordings. Usually thie interface is more diffﬁsed.

In exploratory hole Ue20f (fig. 3) circulation of formation water
in the sotehole is indicated on the fluid resistivityA(salinometér) log
between the depths ranging from abéut 2,600 to 3,350 ft. The circulatory
pattern was established before the multiple logé were made; hence, ’
the direetion of fluid movement cannot be determined from the fluid
resistivity log alcne. The fresh- andAsalt-water interfaces, however,
are reasonably well defined, The anomalous increase in salinity with
increase in time through the zone of circulation cénnot be explained.
In exploratory hole UelSbl (fis..Z). the principal zones of water entry
are not well defined on the fluid tgaistiviti (salinometer) log.
Radiocactive-tracer surveys indicate & major water~yielding zone at
depths ranging frem about 2,610 to 2,640 ft. Circuleticn of fluid in

the borehole from this contributing zone is primarily lateral, but

there is some minor downward movement.
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de Test %f‘ gpontaneous potential curve is made concurreantly with the fluid

by a ’{:;vigy curve. The contrast in ion content between the borehole

of the « and formation vaters causes eignificant deflectione of the
1rculat10n. f;gneaué potential curve. 1In the volcanic section, negativg

& range 1actions occur opposite the fractured, fresh-water-yielding formations
Yy & marked iisb resistivity formations (fig. 3).

movement Testing teéhniques

salt- : l galting of the fluid in the borehole and logging with the éaliﬁ-
reulating ter tool is done after all other geophysical logging has been completed.
nterfaces ! ques are as follows:

dur#né gnount of fluid necessary to dieplace the fluia in the drill pipe
1££ﬁsed. . when the drill pipe is lowered, open-ended, to total depth is
OR Water calculated (fluid in pipe from static water level to total depth
leter) log of hole). ’

circulatory ‘brine eolution in the amount calculated to displace the fluid in the
mee, . drill pipe is prepared by disadlving 100 to 300 }b of sodium.

£luid chloride crystale in water in a tank at the well site.

kowever, _Resistivity of the prepared brine eolution should be less
Lty with than 1 ohm-meter.
)lained. tpfq-ended drill pipe is lowered into the borehole to total depth,
iter entry end, using Ehe mud pump and hoee on the rig, the salt solution
o8 is pumped into the drill pipe.
ae at B 1 ;kdr;ll pipe is "chain-pulled” from total depth to the static water
fluid in . level. This method reduces turbulence and introduces the brine solu-
s but tion into the borehole as evenly as possible. . The pipe remaining in

the borehole sbove the static water level is rotated out of the hole.

14




The logging engineer mskes the initial run through the fluid in the |

borehole as scon as ﬁhe last stand of drill pipe has béen removed.
At least three logging rune are made in the hole. ngging always
is recorded in the same directiqn; and there 18 a deléy of at
least hélf an hour between logging runs. A paper recorder,

- rather than a photographic f£ilm reéorder. 1s preferabie since
multiple runs can be recorded on the same logging éttip‘and

" penciled notations can be made on the log. The hour and the
minute at the start and end of each logging run are noted on
the log. ' |

| Radioactive tracer log

Several toclg bearing different trade ﬁames but similar in

e T U poae a0

by 5 ekl

B0, L guin., g s vo b

e’ Bt

operation have been used for tracer surveys in exploratory holes on ,é,

the mesa. The toole were developed for oilfield use where the najot
application 16 the determination of quantitétivé injection broftieév
in water~-flocd prdjeéts (Bird and Dempeey, 1955; Johnson and others,

’
1964). The outer diametér of the tools ranges from lé'to 1% inch,

These diameters permit entry of the tool through 2-inch inner-diimetér B

!
&
A

A - . e o e Rasses
from 8 to 15 feet. An aqueous solution of radicactive iodine-131 with @=f v as

access tubing during pumping operations. Length of the tools ranges

e concéntration of 1 millicurie per milliliter, end preferably dyed red
for vieual detection of epillage, is injected into a chamber in the ]

tool. The chambers range in volume from 7 to 20 cubic centimeters.

-
i
o

1

A pe
from the
the fluid
slug 15 4
into the ¢
surface r¢
the slug &
&re uged f

TVO t
on Pahyte }
in excess ¢

8 stationar
the depth-g
of fodine-3
Vhen flow T
Briet digey

gl“ Tatesg

Mrd‘d pea




oY,

since

and
the

d on

in
vieé on
e major
ofiles
others,
inch,
diameter
) ranges
=131 with
y dyed red
in thé

leters.

A positive displacement pump in the tool, electrically actuated
from the surface, ejects a small volume of the iodine-131 solution into
the fluid in the borehole. The rate of movement or location of the
glug ie determined with one or two scintillation gamma detectors built
into the tool. When the slug reaches the detector, & recorder at the
surface registers an increase in gamma activity. The arrival times of
the slug and the average hole size determined from the caliper log
are used for computing flow rates.

Two tracer-logging techniques have been used in exploratory holes
on Pahute Mesa, During pumpingvor injécting water at a constant rate
in excess of 10 gpm, the time-drive technique in which the tool ig in

s stationary position is used. If fluid movement is less than 10 gpm,

the depth-drive technique in which the tool is moved through the slug

of 1iodine-131 ig used. The ;aiting time for the slug tb pass detectors,
vhen flow rates are low, mazkes the time-drive technique inefficient.

Brief discussions of time-drive and depth-drive tgchniques and computations
are given in figures 5 and 6. When the recorder is in time-drive and

flow rates are greater than 10 gpm, computations based upon the time between
recorded peaks are similar to those based upon the time between the center
of masses as the iodine-131 slug passes the recorders. Computations based
on the first arrival break proved to be less accurate; hence, this methed
ﬁna not used. When the recorder is in depth-drive.bstopwatch time 1is
tecorded at each peak or maximum aﬁplitude. The peaks become diffused as

& result of moving the tool throﬁgb the iodine-13; slug, and stopwatch time
may be recorded prematurely or too late. Therefore, adjustment of recorded
times must be made before final calculetions, and, 1if peﬁks are not distinct,

calculations based upen the center of mass may be preferable.
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LOG RECORDED FROM DUAL DETECTOR_ TOOL
TOOL STATIONARY IN BOREHOLE WHEN NUCLIDE
IS EJECTED - RECORDER IN LOGGING TRUCK SET
AT CONSTANT SPEED IN TIME- DRIVE.TIME-DRIVE
TECHNIQUE USED WHEN FLOW RATE EXCEEDS

IOGPM IN 6 TO 12 INCH DIAMETER BOREHOLE.
A. recorded minute markers
B. point of ejection of nuclide

C. peaks recorded on single channel ‘as nuclide

moves past detectors
D. direction of fluid movement

= 9.07 minutes
Run 3

Figure 5.--Radioac£ive-tracer survey (time-drive).

COMPUTATIONS

Distance in teet between
~ dual detectors of tool Velocity in

| =
® Time in minutes between  feet/minute

recorded peaks

%*
Velocity in Volume in Flow rate

feet /minute llons/linear | = in gallons
foot per minute

o Time between peaks measured
directly from log

% Average hole size between
detectors computed from
caliper log

Rty ko e i

COMPUTATIONS

Computations are similar ¢a




moves past detectors
D. direction of fluid movement

Figure 5.--Rad16aci:1ve-tracer survey (ctme-drive).

DEPTH| - S R
(FEET) " COMPUTATIONS
= 9,07 minutes ,
2780 — Run 3 i _.Computations are similar to
5 those usea for time-drive
;ui'z-r minutes Data recorded on log differs
: from time-drive data as follows:
~3.00 minute |. Time between peaks measured
Run | by stopwatch — not directly
Aj 2798' O minute | from log '
| 2800 2.Distance between peaks
5% LOG RECORDED FROM SINGLE DETECTOR TOOL _ measured directly from log

SUCCESSIVE RUNS MADE THROUGH NUCLIDE
RECORDER IN LOGGING TRUCK SET IN DEPTH-. -
DRIVE TO RECORD FOOTAGE LOGGING OF PEAKS

ALWAYS DONE IN SAME DIRECTION. DEPTH-DRIVE
IS PREFERRED TECHNIQUE WHEN FLOW RATE
IS LESS THAN 10 GPM IN 6 TO 12 INCH DIAMETER

BOREHOLE.
A. Point of ejection of nuclide : C. Direction of fluid movement
B. Peaks recorded as detector is moved through D. Scale shifted after each
nuclide. Run numbers and stopwatch time : recorded peak for clarity

marked on log by observer in truck.

Figure 6.--Radioactive-tracer survey (depthfdrive).




Conversione of hole €ize to volume per linear foot and secoﬁds to

minutes are shown in tables 1 and 2, Figure 7 is & standard form for
recording radioact1vejtracer-sutvey data.
Testing techniques
Techniques for making surveys during pumping, during constant-rate

‘injection, and under static or natural crossflow in the borehole vary.

During pumping, the techniques used at the mesa are as foiiowé:

. Two-in. ID access tubing is banded to the pump column. The bottom of
the access tubing is approximatelyAlo ft below thé pump motor, and
care 1? exercised to prevent warping of the access tubing between
the pump unit and the pipe column.

The pumping rate is stabilized (radioactive surveys usually are made
. after & standard 24-hour pumping test and 12-hour recovery test).

A temperature log is run after pumping at least half an hour. The
horizontal scale should be ome that will'cause & minimum number
of scale changes; however, it must yield good definition of &ll
anomalies. & scale of 1° per inch is usually satisfactory in
this area.

If there 1s.a possibility that hole conditions‘have changed since the

caliper log was run, the geologist requests a rerun of the log
made with a 1§¥1n 0D caliper tool.

The radioactive-tracer tool is made up with the ejector at the base of

the tool and two scintillation detectors above the ejector. Spacinsf'f

of the detectors is determined by the type of tool used; however,

ful measurements are made of the distance in feet between the eject

port and the first detector, and between the first and second deteC
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Table 1.--Conversion of hole size to

volume per linear foot

Digmeter Volume Diameter Volume
of borehole per linear foot of borehole per linear foot
(in) (gal) (in) (gal)
8 2.61 13 6.90
8% 2.78 13% 7.17
8% 2.95 13% 7.44
83 ' 3.12 133 7.72
9 3.30 14 8.00
9% 3.49 143 8.29
9% 3.68 14% 8.58
9% 3.88 143 8.88
10 4.08 15 9.18
10% 4,29 15% 9.49
10% 4.50 15% 9.80
103 4,72 158 10.12
11 4.9 15 10.44
11% 5.16 163 10.78
11% 5.40 16% 11.12
112 5.63 162 11.46
12 5.88 17 11.79
12% 6.13 17% 12.14
12k 6.38 17% 12.50
122 6.64 1% 12.86
18 13.22
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Table 2.--Conversion of seconds to minutes

Seconas ~ Minutes Seconds  Minutes Seconds Miqutes " y
1 0,017 - 21 0.350 s o068  iE
2 - ,033 22 .367 62 700 g &
. b o
3 .050 23 .383 43 RITNEEE T SR A
| o . L
4 067 24 .400 44 .733 X | & =
5 .083 25 417 45 .750 @ -
. “» - 7}
) - It Q ,
6 ,100 26 ,433 46 .767 E £ o
« | g
7 a7 27 .450 47 .783 x
8 .133 28 467 4B .80  §
9 .150 29 .483 49 .817 i
. T n
10 .167 30 .500 50 .833 E
. b
11 .183 31 .517 51 -850 g
. ¢ Se
: : . y s
13 217 33 .550 53 883 & o
14 - ,233 34 .567 54 .900 ‘§' "
. N ) . Q
15 /250 35 583 55 L7 g £
16 .267 36 . 600 56 933 & &
) . - = ©
17 .283 37 .617 57 ,950 3
. . L
18 .300 - 38 633 58 .967 $
19 .317 39 .650 59 .983
20 .333 40 .667 60 1.000 &
i
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Radioactive tracer survey form Sheet no. of
Pumping rate:
Test hole: Geologist/Engineer o
Injection rate:
Date: Logging company: Static survey:
;5iam Vertical . . Volume' Mean ,
Type of | Depth : . dis- Time' | Velocity |'per lin. | ' Flow ’
Run no- | "4 4ve (fe) of hole |  nce (in min) | (ft/min) | foot (gpm) flow | Remarks
(in ) : (spm)
(£t) - (gal)

Figufe T.=--Radioactive=tracer-survey form.
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The chamber in the tool 1s loaded with iodine-131 (at the Nevada Test K | After

Site this operation ie supervised by RﬁdSafe pereonnel):aﬁd the : Ef 4
tool is lowered into the hole. | - : ';? q
After the tool is lowered below the access tubing, the logging ensineet f~ 4
activates the ejector switch e few times.  Usually it is necessary % h
to press the switch severgl times before the radioactive material - E f q
will eject out of the port. | { P
With the recorder in time-drive, & stopwatch is used to check the minute ;;* £
marker for accuracy. A vertical scale of 15 to 20 divisicns per ;', ff‘ i
minute (30 to 40 ft) on the logging paper is preferable. éf " he
n | o ¥
If the hole is cased below the bottom of the access tubing, several E
calibration runs are made in the cased portion. Measured flow E;v ¢
rate in the casing in gallons per minute should be within 10 to : i |
15 percent of discharge rate measured on the surface. P -
' , e v . K vater
The iodine~131 ig ejected from top to bottom of the hole so that the 2
. . . : _; K thuita
slug will be moving eway from the next measuring point. At some 3
' o . . 3 on the |
point in the hole, movement of fluid may be downward. At that ol
. : . R ) 500-54
point, meagurements are made from bottom to top. If fluid o
: ‘ , : . B tates of
movement is less than 10 gpm, it may be mecessary to change to 3 &
. : = & sex
depth-drive; if it is greater than 10 gpm, the time-drive B
g  ofthey
technique i¢ used after removing the tool and placing the .
‘ ' _ Sade of
ejector above the detectors. . - &
- When ygy
'.J.v. ar
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‘Iﬂﬂf a gross survey to establish major water-contributing zonmes, a

detailed survey is made to determine exact depths to various
contributing intervals. Zones of relatively constant hole
dismeter over the interval to be tested are selected, and

- hole diameters over the interval are averaged. If the borehole
has not been washed out to diameterg in excess of 13 in, theA
permeable zones can be delineated to an accuracy within a féw
feet. Considerable dispersion of the i1odine-131 slug occurs in
intervals where the average hole size 1is greatef than 13 in;
hence, peaks are often not clearly defined. The pumping rate _
is measgred during the entire test. If it does not remain

’

%con;tant. the flow-rate computations will be erratic.

1f a pump is not avallgble. the time-drive technique is uséd while
wvater is injected at a constant rate into the boréhole. No tubing is
required; hence, the survey can be made without the necessity of a rig
on the hole. The mud pump and the hose on the rig, or gravity flow from
s 500-barrel water tank, are used to inject water into the borehole at

rates of 100 gpm or more. Either way, maintaining a constant flow rate

is a serious problem. When using mud pump equipment, the cyclic rate

of the pump is adjusted to obtain the desired flow rate. A check is

made of the cyclic rate at periodic intervala'throughout the test.

When using gravity flow from a water tank, a flow-meter and gate

valve ere attached to the flow line.




Procedures for the time-drive technique ‘during constant rate
injection of werer are similar to those described under tesrinéﬁreeh-
niques during punmping. However. the ejeetor is'piaced nbove thew ?i
detectore, and, to aveid running through old slugs. the iodine-131
is ejected from the bottom to the top of the hole. '

' The deprh—drive technique is preferable when measuring natural
crossflow in the borehole or when the flow rate is less than 10 gpm.
Tesrins rechniquee for the depth—drive survey ere as follows. -
Temperature and caliper loss. if required, are made. |
A single-detecror tool is used. If rhe tool has rwo detecrnrs, one jﬁ
can be cut out during rhe recording operation. B ‘
~ The ejector is pleced below the derector and no sinker ﬁer 15 arraehed
to the tool. Since the tool mnst be moved rhrougn“rhe siug seversal
rimes. & shorter tool will cause less dispersion of the nuclide.
The recorder is set in depth-drive so that accurate footage is recorded.

Depth is recorded from rhe‘ejecror.porr.'l
With tne tool in the hole, a slug is ejected.intc the fluid in the bore- ; 3

hole. A stopwatch is started the instent that the logging engineer-

;:}
pushes the ejector switch. The tool is held stationary for epprox-. g%
;

imately 3 minutes; and then if the slug has not passed the detector,

the tool is lowered through the slug. Stopwatch time and footage ;‘;

moved are recorded as near as poasiﬁle to the peak of the curve re— if
corded on the log. After the toocl has passed through-the slug, the ‘§¢

tool ie pulled up rhrough'the slug without recording on the log.

Logging 4s done in the same direction. I1If peaks are recorded in bochi

directions, an error of & few feet in depth may occur. This error me
be due to @& time constant that is common to most radiation tools and

stretch in the cable and slack in the gears of the recorder.
25
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overal pasees are made through the slug in the manner described in
the preceding discussion. The time interval between passes is
determined at.the well site since it depends on the flow rate
and dispersion of the iodine-131. Peaks generally are diatinct-
and relatively easy to pick during the first §nd second passes
through the slug. After the nuclide has been disturbed, the
curves become broad and the peaks legs distinct.

- Flowmeter gsginner! log

A modified spinner-type tool has been used for only one survey

{gn g 20-in hole on Pghute Mesa. The tool was inaccurate for quantitative
- peasurement of flow rates; however, results were so encouraging that
;? ¢onsider£t1on is being given to enlarge and adapt & standard oiYfield
'3'£10wmeter tool for use in holes with diameters ranging from 9 to 24 in.

- The tool, 1if built, willlcqnsist of calibrated impeller unite positioned

wvithin an inflatable packer. When expanded against the borehole wall, the
packer insures that all fluid flow at that level is directed agaiﬁst the
dmpeller., The impeller will be caiibrated in terms of revolutions vereus
flow, and appropriate curves will be recorded on the surface. Flow rates
ranging from 1 to 100 gallons per minute should be measurable with a one-
impeller setup. A motor in the tool, electrically activated st the surfacé.
will draw fluid from the borehole to inflate the packer, The packer will be

of a size that will seal off holes ranging from 9 to 20 in. in dismeter.
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The spinner tool gives & reasonably accurate measurement of the
water level in the borehole during constant-rate water injection. A
sharp break on the log occurs when the spinner is pulled out of the
water. Hence, an estimste of the specific capacity of the hole,
based on the 1pjeccion rate and the water-level rise, &leo can be
cbtained during the spinner survey. |

SWABBING TESTS
Sﬁabbing an entire hole may be juétified if a review of the geo-
physical logs end drilling history indicates that the hole may not yield

sufficient éater to sustain pumping for 12 or more hours at rates in

excess of 30 to 40 gpm, Swabbing a hole capable of yielding more than

this quantity of water is usually not justified since no measureable
drewdown will be detected, | '
At times mud and other materials ere added to holes during
drilling to combat loss of circulation. Sﬁdbb;ng or bailing is
usually required to clean these holes before tésting with packers.
SYabbing between packers sometimes is done as a checﬁ on w#ter-
injection test results in critical intervals where mining operations
are scheduled. Swabbing Between»packers also is done to collect
water samples from specific intervales in the hole. |
Equipment
Equipment and materials used for swabbing tests 1n€1ude the
following: |
Sufficient drill pipe or tubing to lower the string to a depth

generelly ranging from 200 to 500 ft below the static water table.

27

A bas

Proper
al

ye

Motor=-¢
14

&m

el

be

th

of

£r«

mus

8w

8ma




£ the '
A basket-type, or equivalent, swab unit consisting of & hollow supporting

ne A mandrel with upward opening valve, rubber cups, and einker bar (Uren,
the 1946) . A note of caution that cannot be overstressed is the cobtention
! ; ¥ of a sufficient quantity of fubber cups, having the proper outer
be ﬁ diameter for the tubing or drill pipe to be used, well in advance

of the swabbing date. The swabbing unit should be equipped with

the equivalent of a vertical check valve and a pop safety valve
hd to eliminate the possibility of trapping more fluid thaﬁ the swab
1ot yield

ie designed to lift.
18 in 1 )

} Proper connections and tubing on the surface to install a discharge lire

© than.' j and an "oil saver” to prevent escape of fluid under pressurf
blg yet permitting free movement of the drilling cable.

Motor-driven reel and line. For rige equipped with a sand reel and sand-
line, lowering and puliing of thé swab unit can be accomplished
smoothly and rapidly. Unfortunately, this equipment has been

o eliminated from most rigs; and a motor-dtiven‘réel end line nust

rer= be imported. The unit is usually set ﬁp beyond the pipe rack, and

ons the ceble passges through sheaves on the derrick floor and the'top
of fhe derrick to the swab, Because of the diétance of the unit
from the well head and the dual sheaves through which the cable
must pass, the driller or operator of the unit cannot "feel" the
swab hit the fluid in the hole; nor can he lower and pull the éwab
smoothly and rapidly.

table,
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Mud tank capable of holding 2,000 to 7,000 gallons of fluid., .
Water-level-measuring device (iron horse). stopwatches, tape measure,
conductivity meter, quick-drying spray paint for marking sandline,
and miscellaneous materials to record date and repair basic
equipment. |
Testing techniguea
Testing techniques vary considerably depending upon the expetience
of the crew and supervisors, the objectives of swabbing, and the time
that éan be allotted to the operation. General procedures are &g follows:
A basket connection is screwed into the open~ended pipe to catch
equipment that may fall into the hole. The drill pipe or the
tubing is lowered into the hole. The necessary surface
connections for the swab unit and the discharge line are
made, and the discharge line is directed into the mud tank.
Dimensions of the mud tank sre measured and the number of gallons of
fluid for each foot of rise in the tank is determined.
The swab ig attached to the sandline or the cable and is then lowered
slowly through the drill pipe or tubing. Below the water level,
Ehe fluid in the hole lifts the check valve, passes up through the
inner tube, and enters the space above, At a depth approximately
500 ft below the static water level, the swab 1s pulled out of the
hole. The check valve prevents the fluid from again paseing
through the swab. The weight of the fluid flattens the rubber -
c&pa and expands the diameter of the cups until they press firmly
sgainst the pipe. Thie prevents leakasge of fluid around the swab
and the pipe, and the fluid is 1lifted to the surface, Several
experimental runs with the swab are made before the test. The
drill pipe or tubing 1s usually not free of blisters, rust, and
dirt; and one or more sets of rubber cups is usually destroyed
before the pipe is clean and smooth.
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After experimental swabbing, the swab 1s lowered to the fluid level in
the hole. The sandline 1s marked at selected depths with quick-
drying spray paint. Marking the sandline aids the driller and also
aids in rough estimation of drawdown during the operations. In
addition to & mark at the fluid level, the line is usually marked

B vhen the swab is at depths of 50, 100, 200, and 500 £t below the
fluid lgvel. Severel colors of pgint'may be used, or the length of
the markings are varied to distinguish the various depths.

Clock time is noted beginning with the first pull of the swab and the
amount of fluid discharged into the mud tank at the end of each
swab 18 measured. Each lowering and pulling of the swab is done as
smoothly and rapidly &s possible. The number of swabs pulled and -
the total ewabbing time depend upon factors already discussed. The
fate in gallens per"m%nute produced by swabbing depends upon the
depth to the fluid level and the efficiency of the operation. Water

i - sampléa are collected periodically for measurements of specific
conductance and for chemical analysis. The temperature of the
ﬁater ie measured after each swab; figure 8 is & standard form
for recording swabbing-bailing data.

Before the final swéb. the drilling crew is advised that the swab is

| to be pulled completely out of the hole and that all connectiohs
are to bé broken as quickly as poseible 80 that the water-level-
measufing device can be lowered into the drill pipe and the fluid

level in the hole can be measured,
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Swabbing-bailing test form Hole Area

Observed by: Date:

Cased interval

Hole depth diameter in

Perforated 1n;er§als Tested interval

Water levels measured with

! below T
Measuring point isg which gs ft above land surfgce.

Static water level

ft below meésuting point.

BAILING TESTS

Type of bailer length

diemeter (ID)

capacity
SWABBING TESTS

Method of measurement (barrel, tank, etc.)

Tank dimensions (£ft): Width length height

Capécity: l £t = gal 0.1 ft,= el 0.01 ft= L al

¢

Measuring point

Lt

Depthviubing set Depth swabbing from

’ RN
Weight of fluid at end of cleanout 1bs/gal " 1lbs/cu ft
B ‘ . ‘Remarks
ailer Water Depth to t', time (temperature, color, |
Time | or swab | removed | water below | since dis- pexe et
specific¢ conductance,
trip no. | (gal) | MP (£t) [charge stopped etc. of sample) ;

Figure 8.--Swabbing-bailing-test form.
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then the final swab ig pulled upward from the bottom, & stopwatch that

has been previously strapped on the "iron horse" is started. The

vater-level-measuring device is lowered into the hole as eoon &s
} B the surface connections are broken. A record 1s made of the time
{ | to reach the fluid level and of the depth to the fluid level.
i Thereafter, recovery measurements are made at standard intervals
of time, If swabbing operations are relatively efficient and 1f
th;re is appreciable drawdown, then & rough estimate of specific
capacity and transmissibility of the aquifer or aquifers can be
1 calculated.
1 1f detergent was added to water during drilling of the hole; suds 'may
1  build up in the drill pipe or in the tubing during the ewabbing.
: Prolonged ewabbing vill not remove a1l the suds; therefore, if

~suds cause erratic action of the millivoltmeter on the |

measnring device, & liquid antifoaming agent is poured into

the pipe.
To prevent derioué accidents, personnel stand clear of the sandline

vhen the ewab is lowered into the hole.

PUMPING TESTS

Thé high cost of rig time has been a decisive factor in limiting
the time allotted to pumping tests and recovery periods after pumping
tests on Pehute Mesa., Generally, surging the hole for development
precedes the pumping test. After several hours of alﬁernately
surging and ewaiting recovery, the well is pumped for no less than

N B 24 houre. During the subsequent recovery period, water levels are

measured for at least 12 hours. ‘ u——~J
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Reda or Byron Jackson submersible pumps havg been used in all
wells that have been pumped 6n Pehute Mesa. A positive displacement
check valve was placed immedistely above the pump in &ll tests.
Pumping rates ranged from 50 to 220 gallons per minute.

Equipment

Equipment for & pumping test at the well site includes the
submersible pump And the following accessory equipment: electric
cable, generators, transformers, and panels; 2-in ID access tubing
and 3-in or 2&-in ID tubing for pumpvcolumn; dual glips and elevators
designed for the tubing and pump column; subs or "pup joints" in 2-,
4-, 6-, 8-, and 10-ft lengths; comnections for pump and pump column;
banding equipment, surface connections, and tubing for dischargetline;
and Sparling w@ter meter, gate or ball valve to adjust flow, 2,000~ or
7,000-gallon tank, weir or Pa;shall flume, and two empty 55-gallon

barrels.

Testing techniques

Testing techniques for a'pumping test are as follows:

Two-inch accees tubing is banded to the pump unit and column. Caution

to be taken during banding was noted under preparetions for

radivactive-tracer surveys.
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The pump ie lowered into the hole so that the pump intake 1g at least

50 to 100 feet below the estimated drawdown level., The driller's

tally of the tubing for the pump column is checked by the geologist

or hydrologist at the well gite. A large margin of safety 16
given in estimating drawdown levelq. and the capacities and
. limitations of the pump are taken into consideration., Whenever
g an excese amount of foam or soap suds occurs in the hole, & length
tors of 3-in. diameter hose is attached to the end of the dis;harge
2-, line. The catline is hooked midway slong the length of the hose
mn and a U-bend ig made along the hose by raieigg the catline several
line; feet. This creates back pressure on the water meter and 1ﬁproves
- ér the accuracy of flow-rate readings.
Before the pump test, the §e11 ig surged for a 6-hour period. During
’ surging, the well is alternately pumped for 30 minutes and then
shut down for 15 minutes to allow recovery or partisl recovery, .
During each pumping perioed, drawdown is recorded at 0.5-minute
iou intervale for the first 4 minutes, l-minute intervale for the

next 6 minutes, 2-minute intervale for the next 10 ﬁinutgs, and
S-minute intervale for the next 10 minutes. The same generai

timing schedule for water-level-recovery measurements is followed.
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During aurging,'the discharge rate is checked and edjusted to the
‘desired rate. Flow-meter readings are‘chécked by timing the flow
into a 55-gallon barrel or a'large capacity tank.. Waterbtémperature
ie recorded at the beginning and the end of each pumping'period.
To gain additional control on the discharge rate, a weir or
Parshall flume may be set into & trench between the diacﬁarée
line end the reservoir.
A 24~hour pumping test is s;arted at the completion of surging and
after full recovery to the static water levelf The same time

schedule listed in the paragraph deécribing surging operacions:to

record drawdown measurements made with the "iron horse" is used. t

After ko'minutes. measurements are made at 10-minute intervale fdr o

the next 60 minutes, at 20~m1nutelintervals for the next 100 minutes, 2

at 50-minute intervals for the next 200 ninutes,'and at 100-minute ar

intervals for the remainder of the test. fDischarge tetes are = Ce

| checked at hourly intervals after the rate has stabilized. de
E Température readinés are made at hourly intervals; and before' -AAlz'hO
the test 1g concluded, water samples are collected for chemical ~ ti

analysis. Specific conductance measurements are usually made at re:

rec

2-hour intervals. Water samples are collected and treated in the

manner specified by the USGS Water Resources Division chemical

laboratory.




During deteiled measurements with the watér-levél-measuring device,

low many problems may be experienced. When readings are made in

rature tenths and hundredths, masking tape strips are used to mark the

d steel cable of the device after each reading. Accuracy to 0.02

foot can be obtained only when using this and other procedures
listed by Garber and koopman (in press); Also, the tape on the
cable is an essential contrql point when mechanical failure in
the device necessitates removing the pﬁobe from the hole
temporarily for repairs and cleaning. After several hours'

to use friction or other things may cause the steel cable of the device

to adhere to the walls of the access tubing and prohibit lowering

for of the probe. When this happens, the probe is raised 100 or
nutes, 200 ft above the depth below which the probe would not descend,

ute end then the probe’is-lbwered into the hole as rapidly as possible.

Care must be'ﬁaken during this procedure to insure that the cgble

doees not slip off the sheave of‘the wvater-level-measuring device.

A 12-hour period of recovery is measured after the pumping test. A
time schedule similar to that for all measurements during the

Tecovery ﬁeriod ie used. Figure 9 is a standard form for

recording pumping-test data.




Pumping test form

Sheet of
Hole no. Test no. Pump setting : ft; Geologist/Engineer
Cased interval ft; Perforated interval ’ ; Open hole Diameter in
Iron horse no. ; Cable correction ft/ft; Measuring point is
El?gigst::?e Water-level measurement (feet)
Date Hour - Discharge | Temp | Comments
19 | (Military) Pumping | Recovery D/W Below | I.H. Cable | D/W Below | Drawdown (gpm) (°F)
(t) (t) - MP correction |  LSD
Figure 9.=<-Pumping-test form.
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Figure 9.--Pumping-test form.

WATER INJECTION AND SWABBING BETWEEN ?ACKERS
Water injection and swabbing tests between straddle packers aré
singularly important for determihation of the water-yielding potential
of specific intervale in the borehole. Data collected during these
tests have been used to evaluate the intervals as excellgnt. marginal,
or unfavotablé for construction of undérground chambers. In addition,

static water levels (formation pressures) of selected intervals are

obtained. Injection tests are made in the final stage of the

hydraulic testing program.

Equipment
In addition to the standard equipment on the rig, the following

’

~ equipment must be at the well site.

A quantity of 2 7/8-in or 3-in ID tubing equal to the total depth
of the hole. The 3-in tubing is preferable gince the probe

and cable are less likely to a&here to the walls of the larger

diametér tubing.

Slips and elevators to handle the tubing.

Subs or "pup joints" for 2 7/8-in or 3-in ID tubing in lengths of
2, 4y 6, 8, and 10 ft. |

Lynes inf;atabie open—hﬁle attaddle packer, On the mesa, 9-in dusl-gseal
elements are the most practical size for use in holes drilled with
a 9 7/8-1n bit; 7 3/8-in elements must be used in holes drilled with an'v
8 7/8-in bit. By-pass i1s more common around upper packer elementes;
hence, two packers are usually placed in tagdem aboée end a single
packer is placed beloﬁ the spacers. At least one sfare packer element

is at the well site teo replace one that may become damaged or ruptured.
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‘§ Spacer tubing, 200 ft. | ' ‘ Std
Three pressure geuges whose renges are compatible with the depths to
be tested.

Water tank, 500-barrel capacity.

Testing techniques

The techniques used in water injection testing ere-da follows:

The length of spacing used between packers is govetned‘principally by ‘ A
hole conditions apd litholeogy. The most effective and practical

B spacing is decided after a thorough study of geophysical logs

%ﬁ " and other available data. In en ideal situatiom, 1ntervalsAwith

% similar rock lithologies wou}d be ieclated by the packers and

tested progressively downhole without having to come out of the -

hole to change the length of the spacers. In actual practice,

Aft

tﬁie rarely occurs; for even if the lithologiee were uniformly
distributed, the hole may be washed out'aqd too large for packer
seats in many criticel areas. Hence, the spacing that most
clgsely approaches the idesl situation is selected. Although
the length of spacing may need to be changed occasionally, this
procedure is too time consuming and cogtly to become common
practice., In plenning the pecker getting, the dimensions of the
various unite of the straddle packer assembly are considered,
The upper packers and condections afe 10 ft in length; the lower
packer ig 4 ft in length., Spaces between packers--the interval
into which water will be injected--generally range from

38 to 198 ft.
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Sﬁnnda;d oilfield pressure gauges, equipped with clocks and pressure
ranges compatible with the length of testing time and the depths
to be tested, are installed above the upper packers and below the
lower packer. The pressure charts yield information on leakage
around the packers. Any leakage around the packers ﬁould. of

course, give apparent higher yield results than the actual yield.

A careful tally of each joint of tubing is made before connecting end
going downhole. A emall error often will place one of the packers
into a washed-out section of hole, and, during inflation, the packer
may be ruptufed. A "rabbit" (plug) is run through each joint of
tubing to check for any obstructions. Little or no pipe dope is
used on the threads of the pipe when adding joints to avoid ;lugging ‘

the probe of the water-level~measuring device.

After the packers have been lowered to the depth desired, the tubing on
the surfaée should not project more than 34 in above the rotary
table; hence, the necessity for the subs or "pup joints". If the
tubing projects in excess of 34 in above the rotary table, the
water-level-measuring device (iron horse) is set on wooden blocks

so that the probe can be lowered into the tubing.
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The Lynes inflatable packer element is made of & heavy ocuter layer of - - Testing

th
rubber backed with a braided metal sheath. A rubber inner Th
tube backs up the metal sheath and retains the infleting fluids. po
A riandrel extends through the sealing element., Water is pumped al
' br
through & standard rig-type hose into the tubing at the
. . an
surfece, entere the space between the inner tube and the in
outer diameter of the mandrel, and is trapped. The pa
. ~ en
element expands and seals against the borehole. The
op
tubing filled with water to the surface shows that the: te
elements are sealed ageinst the borehole and that no leaks - . 2
exist in the tubing string. Since the entire length of : :
8
tubing 1s dry on the first trip, despite the fact that ar
the firet eetting may be several hundreds of feet below ‘ : up
' th
the static water level, the length of time needed to load the b
. ] : t
tubing is considerably greater than it 1s on subsequent 4
packer settings., ' ' , ' ~ 4n
th
’
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of feet below the surface after more than 30 minutes. In the

Testing is started sfter the tubing has been filled with water and moit of

the entrapped air has been released by bubbles rising to the surface.
The water-level-measuring device 1s checked and ready to be moved into
position on the rotafy table over the tubing; the drilling crew is
alerted to duties concerning removal and replacement of slips and
breaking and removing the elevator from the tubing. Slight pulling
and rotation of the tubing raises the mandrel of the straddle packer
into the open-between position (fig. 10). With the ports between the
packers open to the formation, the water, under hydrostatic pressure,
enters the formation. A sound audible at the surface accompanies the
opening of the ports, and the water in the tubing drops at & rate de-
termined by the permeability of the formation being tested. A stopwatch
previously strapped to the "iron horse" ie started the instant the

' ports are opened, or as goon as the sound ies heard at the surface.

As rapidly as possible, tension on the pipe is released, the’slips
ere reset, and the elevator is removed from the tubing and reised
up the mast. The "iron horse" 1s placed over the hole, zeroed at
the top of the tubing, and the water-level depths are measured with
the probe. Readings are recorded at 0.5-minute intervels for

4 minutes, l-minute intervals for the next 6 minutes, 2-minute
intervals for the next 10 minutes, and S5-minute intervals for

the next 20 minutes. If the interval being tested is relatively
impermeable and it is necessary to continue measurements for an
hour or more, tﬁe time schedule for water-level measurements is
similar to that used during pumping tests. Figure 1l is the stendard
form for documenting water injection test data. The vater in the
tubing may drop 2,000 £t from the surface in a mat:er'of minutes
during testing of & highly permeable zone on the mesa. In an
impermeable zone, the water level may drop only several hundreds

latter case, many hours or even days would be requiréd to attain

& static level; hence, the water-level measurements may be abandoned
after & trend has been established and ususally no longer than

1 hour. '
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MANDREL

POSITIONING ASSEMBLY ~#

UPPER PORT BLOCK-OUT SLEEVE

UPPER INFLATABLE ELEMENT

VARIABLE SPACING

CENTER PORT BLOCK-OUT SLEEVE

LOWER INFLATABLE ELEMENT

s’

LOWER PORT BLOCK-OUT SLEEVE

MANDREL PLUG

RUNNING W

INFLATING PACKER OPEN BETWEER OPEN BELOW

Figure 10.--Inflatable straddle packer used in open hole or casing.
(Courtesy of Lynes, Inc., Houston, Texas.)
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Injection=-test form

Date

Test hole Test no.
Geologist/Engineer Contractor representative
Hole depth | ft Diameter in Cased interval
Tested interval

Packer type Diameter in Spacing
Ports opened between Below Above

I.H. Correction ft/ft

Water levels measured with I;H. no.

Rotary table ft aone land surface

Measuring point - which 1is ft above rotary table
’

Static water level ft below measuring point

Remarks:
Time since. Depth to water
cﬁiizt::ze ports opened (t) | below M.P. Remarks
, . (min) (£t)

ey

Figure 1l.~-Injection-test form.
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Plotting water-level-measurement data on 2- -or 3~-cycle logarithmic paper

often will indicate that the packers had- been well seated or that fl
leakage occurred around the packers. If there is eny question of | the ;Bl
leakage, the packers are reseated a few feet in either direction, and is stat
the test is rerun. Definite evidence of lezkage can be obtained from per foc

charts recorded in the pressure gaugés. but only gftef the tools have
been removed from the hole. Hence, rerunning questionable tests
before moving on to the next setting saves much time. A sudden | where (
change in the rate of drop of a water level'froﬁ only & few tens of
feet per minute for 10 to 20 minutes to ggﬁetal hundreds of feet

per minute indicatee bypases around the packer or packer failure. L

After a test has been concluded and the water-level-measuring device hés

been removed and placed beyond the rotary table, the mandrel of the
straddle paéker is moved to the equalize pogition. When static _
conditions have been renewed in the boreLcle, additional joints are . .
added to the string and the packer is moved to the next setting. .. Tk
The’ tool can be moved and reset many times without coming but_of -method
the hole. “Occasionally. however, t;o puch weigﬁt may be applied | too low
in pulling the tubing from one'pokitioﬁvﬁb ahétﬂef, éﬂﬁ thé tool ﬁay Tt
be positioned into the "come-out"'positidn. If ihat.happen;. the zeolitd
tool musf be lifté& out of the bolé and d&justed. | for 19¢
A bridge or poor-holeAconditions ma} prevent testing the lower part 0.10 gr
of a hoie between straddle packers. In these éircumscances. the of rels
tool is opened beloﬁ the lcwér packer and aﬁ 1njé§tion test is . Thyolit
made of the entire interval. | é tuff re
relativy
<0.00i
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Comgutations

From the rate of change of water levels in time, & yleld rate of
the various sections tested is computed. The yield of the tested interval
is stated as relative specific capacity in units of gallone per minute

per foot of drawdown. The computation of specific capacity is as follows:

Relative specific capacity = 75;%%1;1;
g L]

where Q = gallons of water accepted by interval isolated with straddle
packers'during l-minute time interval. At the mesa the time
linterval 3-4 minutes after the tool is opened is commonly used.

h = gtatic water level of the hole--or 1ntefva1 tested--in feet

below land surface. | !
h,= averﬁge water level in the tubing in feet below land surface
iﬁ l-minute inter#a} used for determining Q. At the mesa
the wﬁter level et 3.5 minutes is used.
The figur}s for relativé specific capacity determined by the pfeceding
method are redsoﬁably accurate for relatively impermeable zones; they are
too low in highly permeable zones.

The most consistently low wa;erfyielding rock types at the mesa are

geolitized agh-fall and ash-flow tuffs. Relative specific capacity values

for 198-ft intervals tested in the zeolitized tuff range from <0.001 to
0.10 gpm per foot of drawdown and average <0.02, A larger spread in values
of relative specific capaéity occurs in intervals where welded tuff and
thyolite are predomiﬁant, Relative specific capacity velués for welded
tuff range.fram <0.001 to 0.78 gpm per foot of drawdowvn and average <0.20;
relative specific capacity values for rhyolite end vitrophyre range from

<0.001 to 0.50 gpm per foot of drawdown and average <0.20,
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W. E. Hale (written communication, 1964) has prepared e method and
graph for estimating the yield of water to openings of a ﬁarticular Bize
in saturated rock. The method is based upoﬁ relative-specific-capacify

values in a drill hole. VWater-yield tests of sections at the mesa

usually are made in about 200-ft intervals, and the results are reported'“'

as yield in gallons per minute per foot of drawdown for the interval.
This unit must be converted to a permeability unit in order to compute _

the anticipated yield from various openings in the saturated rock.

For a 200-ft interval, the conversion factor is 10. That 18, a relative -

speéific capacity of 0.1 gpm per foot of drawdown in a 200-ft section
1ndicateéva rock with a permeaBility of roughly 1 gpd per dq ft |
(gallons per day per square foot). The anticipated influx of water into
& chamber is dependent upon the dimensions of the room, the.depth below
water tkble, and the permeability of the rock: Because of construction
difficulties and safety hazards presented by water influx, the most
desirable rock type within which chambers may be consfruéted ia |
zeolitizéd tuff. Within this rock t}pe intervals with rélative-
specific capacity values of 0,001 to 0.02 gpm per ft #re considered R
most favorable. For all éomputations, the rock type to be excavated

is assumed to have transmissibility equal in value to thac'of the

same section penetrated by and tested in the drili hole.
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