vcio-19805 .

S - HYDROLOGIC TEST SYSTEM FOR FRACTURE FLON
: _STUDIES IN. CRYSTALLINE ROCK

“Ellen- l‘z‘abféi' |
~David Lord .
Patri ck _Burk'l und °

MAGWNN  LNIWNJ0A ADOOMAAH

et

This Is an (nformsl report imenéed prunarily for intcrnal or imited externat distribution. The .
" -fﬂmons and condusions mted ase dme of tbe :uthnr and may or may not !ae utose ol’ the '

Vr.‘ v,

Wurk pefformed \mder xlw mpms ol the U : Deyamnmt ol’ F,netgx lsy the l.uwrence
Liverssore l,abotnmx under (omracs w-74l}5-£ag~48. - !



N . . . T T -
s\ : - - - |

’

. s ] .
Status Report on the Spent Fuel Test-f‘lma‘(, NTS, A Test of Dry Storag°
of Spent Fuel in -a Deep Granite Location; L. D. Ramspott, L. B. Ballou,

and W. C. Patrick; Lawrence Livermore National - Laboratory Report
UCRL~374483 March 1982. : . > ’ :

£C61Yy The Sor'pta.on of Selected Radionuclides on Various Metal and -Polymeric

e Materials; E. Raber and J. Garrison; Lawrence. Livermore Nat1ona1 Labora-
tory Report UCRL-87653, March 1982. M 4""45" )

C62.v The Effect of Gamma Irradiation on the Strength of CIinar ‘St'oc-k‘Gra’nite,‘ ‘

W. B. Durham; Lawrence L:.vermore National Laboratory Report UCRL-87475; -

Harcn 1982.

Cc63 Calculated and Measured Drift Closure During the Speot Foel Test io
Climax Granite; J. L. Yow and T. R. Butkovich; Lawrence Livermore
National Laboratory Report UCRL-87179, April 1982. o -

064 Enna.neermg Test Plan for Field Radmnuchde Mzgratmn Exoer:.ments in -

Climax Granité; D. Isherwood, E. Rabes, R. Stone, D. Lord, N. L. Rector,

&nd - R. Koszykowsk:., ~ Lawrence Livermote National ~;Labo.ratory Report

¥

CGS Granrte Radlonuchde M:.grat:.on En&meermb Test Plan; D. Isberwood,.

. E. Raber, R. Stone, D. Lord, NK. L. Rector, and R. Failor; Lawrence
L:.vemore Nat:.onal Laboratory Report UCRL-53286’ May 1982. ’ a
¥
C66 Lea.ch Testmg of Waste Forms-Interrelatmnsth ‘of ISO and MCC 'vae
_ Tests; V. Oversby; Lawrence L:.vemore Nat:.onal Laboratory Report UCRL-~

876213 May 1982.° . o o L

s .. wl
o wdn -
e -

-C67- ‘Hvdv'olovzc Test Svstem for’ F{acture Flow Stud:.es in Crystallme Rock"

E:; Raber, D. Lord, sand P. W. Burklund; Lawrence Livermore National
Labora:ory Report UCID-I%OS’ May 1982, o -

'\2‘668} Laboratory Heasureznents of Ultra—Low Permeabihty Geologxc Matermls,
D. A. Trimmer; Submitted for publication in Review of Scientific

- Instruments; .Also ava:.lable as Lawrence L:.vermbre Natronal Laboratory
‘Report UCRL-86722; 1982. " nhud q\

C69 Heater Test I-—Clmar Stock Gram.te, Nevada Test S:.te, D. N. l‘foutan and

W. E. _Bradkin; Lawrence Livermore National Laboratory Report; In
preparation.- .. . R oA ‘

¢

Fractured Rock; E.-Raber, D. Lord, and P. W. Burkland; Lawrence Livermore

41 The Desien'end Fabr.ication of 'Aggaretus for In Situ hy_draulic’ Testing of

Hat 1 Lab I . A .
ac 1ong\ Laboratory Reporté n preparatxxon W M o o Runs

'071 Measurement of Thermal Diffusivity of Rock at Hich Pressure, W. B, -

' Laboratory Report’ In preparatron.. o AR , S
| 3 ( ‘M Jg NW. ~;f7\,\.v\-w‘u._/ W\“t \V‘S“}/’\‘I'L TL.I'

ey C,w\ uxm. :n uc(o I"I‘LN' RGP xls.u'
. k}a\" .r‘ \/L.. ‘,..—,(Q fn)“’&'*ld V},,a\:r o/.n\u/ )
. \./Le, m\)/ - Ll“‘"‘ " ‘L-— St s 3 M.Rﬂ— ol \"’N E > ol “M/

S T Bl

-

Durham, H, C. Heard, and V. V. Mzrkovu:h, Lawrence vaermore Natronal_» ’

.
1
e

et~y




| Hydrologic Test System For Fracture Flow
Studies in Crystalline Rock °

E11en Raber
David Lord
Patrick 8urqund

TABLE OF CONTENTS

Abstract... .'.“ SO P OOOLOHNESNIESRSESESES ‘..’.' L] ... O‘.‘- .. o.n.0.0.0.0 .'.-.~._. ...—4]:_.:.
4

. ].0 __._IntrOdUCt"Oﬂ.......................'o'-.......'-.o.....'.'....Q.'.'_"'z-'

2.0 Equipment Design and OPeration...eeeeeeseesecssseeessess 3
2.1 Physical Arrangement.ceceececcceceecsccncccansocens 3

2.2 The Packer System.................................. 6

2.3 InJection System................................... 6
2.4 COECtion SYSteM.eeeeeesseecersssensenssacssasssesl?

3.0 Field Operation and Testingeeesesescecsacerccncecacscesald
3.1 Laboratory Testing..eeeeeiceceecesecccanasacccassssld
3.2 Field OperationS.eeceeseeesecesesccsocsseccesennnssld
3,3_»System Problems and Improvements.;,...;..........,.17

. Referen'ces;lococl‘..o.‘:lo;'DIDOVOOIO..-‘QO'..‘......IO‘OOA-';..0;0’.000018 ’



. - ABSTRACT

A hydrologié test system hés been designea to measure the intrinsic

~ permeabilities of individual fractures in crystalline rock. This system is
‘used to conduct constant pressure-declining flow rate and pressure pulse

hydraulic tests. The system is composed of four distinct units: (1) The

. Packer System, (2) Injection System, (3) Collectionisystem and (4) Electronic

Data Acquisition System. The apparatus is built in modules so it can be

"_ easily transported and re-assembled. It is also designed to operate over a

~ wide range of pressures (0-300 psig) ahd flow rates (072-1.0 gal/min). . This
‘system‘has‘provéd extremely effective and’versatile.in its use at_the Climax
Facility, Nevada Test Site. / ‘ '

i)



1.0 INTRODUCTION

‘The objective of this paper is to describe and document a hydrologic test
' system designed to measure intrinsic permeabilities of individual fractures in
crystalline rock. This work was done as part of the site characterization for
| field radionuclide migration studies in granite at the Climax Stock, Nevada
L Test Site. Overall project objectives and technical approach are described in
: detail by Isherwood et al. _ ' ' - e ’
- The primary objective of these studies is to develop equipment and
procedures for a reliable radionuclide field migration test that can be used

'3at candidate reposatory sites in fractured rock. The experimental concept

uses two boreholes drilled hprizontally into the drift wall to .intersect sets
of vertical fractures at near right angles. The boreholes are Tocated one
above the other about 7 feet (2m) apart The critical parts of the experiment .
are to successfully isolate an individual fracture between ‘the boreholes and
to establish flow along that fracture such. that most- of the fluid injected _
into the top borehole is recovered in the bottom borehole. Spec1fic hydraulic
tests can be used to determine the individual flow characteristics of a given
- fracture, . o L . . / .-"- S fuwa-

’ Previous studies of permeability measurements in fractured crystalline
rock are present in the literature.2 -4 The significant feature of this
system is that it can be easily transported and can operate over the wide

~ range of pressures and flow rates which can be encountered inifractured rock. Z'
Furthermore, this system has the- capability for establishing a circulating -
system from an upper ‘borehole to a lower borehole along an individual ” ,

- fracture. This is accomplished by using inflatable straddle packer assemblies ’

“which are linked to a water injection-collection system. Intrinsic
permeabilities can then be determined by conducting constant
pressure-declining flow rate hydraulic tests-or pressure pulse tests along -
individual fractures. An electronic data aquisition system allows a constant

record over time of all parameters monitored




2.0 EQUIPMENT DESIGN AND OPERATION

_ This'design is based on very generalized criteria since the flow
characteristics of a given fracture were not known beforehand. The necessary

' -.measurements include the flow rate of input water, flow rate of output water,

input and 0utput pressure in the straddled intervals and pressure in the zone - :
behind'the‘far_packer. Theysystem was designed to encompass a maximum. range

of pressures and flow rates. The maximum input pressure is 300 psia and the
flow rate can vary from 0.2 gal/min (0.8 1/min) to 1 gal/min (3.7 1/min). The
system is”diyided into four distinct units: (1) the Packer System, (2) '

‘ Injection System, (3) Collection System and'(4) Electronic Data Acquistion
System. - The functional interaction of these units can be seen in Figure 1.

. The entire system meets Lawrence Livermore National Laboratory design and

T components bolted to the main frame plate. The physical system layout-is-.

safety standards.5 o /

2.1 PHYSICAL ARRANGEMENT A

" " The apparatus is built'in modules which can be easily transported'and e
lowered down the access snaft at the Climax Facility where they are—n~- i
} e-assemoled. The modular system, including gas bottles is mounted”on a cart.
‘which has standard flanged railroad whee]s to fit the existing rails in the .
drift. . |
The cart is made from high-strength we]ded a]uminum p]ate w1th modular

shown in Figure 2.  The rail cart is approximately 7' (2 m) long by 3' (0.9 m).ft
W'_wide by 6' (1.8 m) high. The gas bottles are nested horizontally in the. main,;': o
frame of the cart very low between tne rails (low center of gravity for -
_ stabi]ity) . Waste water collection bottles are located on the lower part of
'the cart in order to allow free grav1ty flow from the collection ho]e. The
'system is altl manually controlled. A1l controls are mechanical and pressure
~ gauges are provided for monitoring and data purposes. The system is
~'independent of electrical power .except for the electronic data acquisition f?
” module. ‘Additional non-electric back- -up measurement systems allow the © =
: ~experiment to continue even when the e]ectronic module is not functioning.
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2.2 THE PACKER SYSTEM

rﬁé packer system includes a packer pressurization system and an upper and
lower packer unit (Figure 1). - The packer unit consists of a straddie packer
with a center interval spacing that permits adequate isolation of a single
fracture. Access transmission tubes were placed through the packer °1ements
to permit monitoring of. pressure changes.in the packed off zone: ano the zone
~ beyond the far packer.: oo

The packer units are inserted into the boreholes and rubber bladders
inflated tightly against the\walls. Since the straddled 1nterva]s will be
pressurized the importance of the seals cannot be overemphasized from the
:standpoints of personnel sagety and success of the experiments.«_.'

A variety of borehole packers are commerCia]ly ava1]ab1e.~ However, only a _"

few commercial companies could provide straddle packers- for 3” (76 mm) NX-
- boreholes which could be modified to permit pressure access lines as

previously discussed. Two balloon-type inflation stradd]e packers with an 18"

(0.46 m) fixed straddled interval were uti]ized in these experiments.‘ ‘These
modified units can be seen in Figure 3. In the laboratory testing of these
. ‘packer units, the amount of leakage past the s]iaing seals prec]uded using
pneumatic inflation. The leakage was reduced, aithough not eliminated,. by
prefil]ing the packers with water and using gas over hydraulics as the
pressurizing medium. The equipment design, therefore, utilizes hydraulic
actuation of the packer for minimum ]eakage by using the system shown in
Figure 4 a]though the option for pneumatic Operation is present. The

< capability for independent inflation of top and bottom packer exists, although -

normal operations could utilize dual inflation, The system aiiows restrained
. packer pressurization up to 400 psig. o

2.3 INJECTION SYSTEM

The water supp]y may be either transported to the site in'a transfer'drumk
or obtained locally. The water used in the ekperiment'is'transferred through
an ultrafilter into the systemvreservoir, a 55 gallon polyethylene container
(Figure 5)3 This_insures removal of suspended particulates down to < 0.002 m
and shou]d'minimize problens associated witn injectivity and fracture
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.p]uggihg.. Water flows-from the reservoir through a check valve by.graVity

jnto low pressure transfer bottles located directly below. This low pressure -

system, 20-30 psig, is- used for liquid filling the high pressure water

jnjection unit.
The water injection unit shown in Figure 6 uses mechanical linkages’

: "between high pressure vessels .allowing on-line or fil1l operations. After the
" high pressure vessels are filled, the mechanically-linked valves are.switched

into the off position allowing the low pressure air to vent from the transfer

' bottles, and to refill them by gravity from the 55-gallon reservoir.

- The system for filling each pressure vessel is separate, thereby allowing

Lo ‘one vessel to be on line for high pressure injection while the other is being
"lffilied This system allaws changeovers from an almost empty hlgh pressure

vessel to a full high pressure vessel without interrupting the flow. The high

_Y}f:pressure vessels can be pressurized up to 300 psig for constant. injection into
-~ the packer straddied interval. A pressure pulse input.capability is also
~available. Injection pressure and time'parameters are measured with strain

gauge.and quartz transducers via packer access transmission lines and are
recorded digitally by thermal printers. ' ' . S

The primary input flow rate measurement /is accomplished by 2 continuous
weight méasurement with respect to time of the high pressure vessels as they
are emptied. This is done with load cells and the results are digitally
recorded along with time by thermal printers. A secondary flow measurement is
also available by reading the system 1nJection and center volume pressures on’

2’-_ a 12" Heise gauge..

Table I summarizes the measurement requirements for the complete system.

S Calibration of pressure transducers and load cells was doné by the LLNL -

Calibration Laboratory using NBS derived standards. The use of Bourdon gauges f‘
for gas bottles and regulated pressure is standard practice. The pressure

‘transducers and the load cells were chosen for reasons of remote sensing,

stability and availability..:

-10 -
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_ Tavle 1
- TOTAL SYSTEM MEASUREMENT CAPABILITIES

' Measurement Type of Range .. Accuracy
Location - .Function } Transducer . o :
B Gas Bottles v.vﬁ VPreesure » Bourdqn Gauge '0f4000 PSIG 1%
Regulators ‘ Pressure Bourdon Gauge 0-1000 PSIGA'» B b
o o Pressure Bourdon Gauge  0-100 PSIG. 1%
Injection Vessels ~Force Strain Gauge 0-50 Lbs. - 0.25%
Loaa Cells ’ ’ o
~ Collection Vessel Force . Strain Gauge  0-10 Lbs. - . 0.25%-
Loaa Cell . ) ) : v - R ‘
Upper Packed-off  Pressure  Quartz Gauge  0-500 PSIG .~ .  0.005%
Volumes o o . Co e
-Lower Packed-off Pressure Strain Gauge 0-50 PSIG ’:fe e 0.25%
Volumes S ' - o
Secondary Injection Pressure * Bourdon Gauge O~500'PSIA"f; 0%
Measurement | o . ;o .

o

- 2.4 COLLECTION SYSTEM

Figure 7 Shows the Schematic for the collection'system.v Theainjectjon'and'r
col]ectlon systems are ‘tied together by the natural fracture. Figure § shows
the general schematic for all four systems. The collection packer unit is

iGentical to the 1nJect1on packer w1th one SIinficant difference. The
collection packer annulus or center cavity is maintained at atmospheric
- pressure. - S1nce there is no internal pressure to contain, the task of_sealing
the lower porehole is soméwhat easier. The blind-hole volume behind the -
packer unit is monitored for pressure build-up (leaks from tne packer seals or
a fracture 1nterconnecteu with the inJection hole). , :

" Tnis system has the capab111ty to collect water either by gravity flow or
‘ with vacuum assistance. The output tlow rate measurement is accomplished in a
_‘mander similar to the input measurement. The collected water is we1ghed by a

-2 -
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'load cell whose measurement is recorded digitally with time. A back-up flow

=-  -rate measurement is also possible by timing level changes in the collection
" bottle. Table I lists the measurement cababilities of the collection system.

,""All measurements are recorded digitally with time by corresponding thermal

printers.

3.0  FIELD OPERATIONS AND TESTING -

3.1 LABORATORY TESTING A e

The -entire system including packer units was tested at LLNL using the ‘
" borehole simulator shown in Figure 9. This consisted of -two_ten foot lengths
-of seamless meachnical tubing with threaded end: caps.. . Two metering valves .
simulated the series, parallel flow impedance of the_ fracture. A fast
response pressure transducer and-associated recorder—monitored the input
volume response to input control changes. A mechanical. engineering ‘safety
note documented that these tests met LLNL safety standards.sé The equipment
. was then shipped to the Climax Facility, Nevada Test Site.,e S e

-5

3.2 FIELD OPERATIONSf

e
TR s

The first task is to locate a potential fracture connecting the upper and
lower boreholes. This is done by visual logging with a high resolution '
borescope. The borescope has scribed divisions along its length to identify
the fracture location and allow subsequent correct placement of the straddle-

i

ey at}?.;!?*f‘ 1"”,;‘53%‘.-‘-*5&3"‘
AR 2 A

packers. -
. The next step is emplacement of the top packer and saturation of the’

fracture. ‘Both upper and lower straddle packer units are prefilied with water '
S 'hefore emplacement. The upper packer vent tube is at the 12 o'clock position
?_‘ " to allow fast filling and air escape. Once emplaced the upper packer is then
f? . ~ inflated to 300 psig using gas over hydraulics as the pressurizing med fum.

. The water supply unit is then hooked up to the mine supply water which was
~ delivered at 80 psig. The water was ‘routed through a pressure reducing valve
. to accomodate the pressure restrictions on the ultrafilter unit After the

- 55-gallon water supply reservoir is filled, the operator is ready to start the

injection tests.

o

A ’ o
= bl

-15 -
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As stated previously; operations are controlled manually from the .

';_Ef pneumatic and hydraulic control module panel. A series of valves control the

xihvm'application of pressure to the packer pressurization and injection systems.

1 'f ‘These systems are protected from over pressurization by appropriate relief .
" valvesT. When the interconnecting fracture -in the bottom borehole is

identified'visually using the borescope to determine which fracture is

.ﬁ_dripping‘water, the bottom packer assembly is installed to establish a
©-. circulating flow 'system between the two boreholes. The collection'packer is
5 i placed in the lower borehnle such that the collection tube is din the 6 o *clock

position to enable water collection as soon as it enters the straddled
interval. When the water reaches the bottom packer it flows through the drain

" lines ‘and is recovered in the collection bottle. " In some cases, we were able
to establish a circulating system with up to 95% of the injected water belng
recovered ’ - o : .

The particular fracture characteristlcs can then- be analyzed from flow and
pressure- data. Constant pressure - declining flow rate hydrologic tests were

“conducted in those fractures with high recovery rates. Results of;these

hydrologic tests are explaineo in detail by D. Isherwooo et al.
v o

T

3.3 svsr‘é‘n PROBLEMS AND IMPROVEMENTS

. To improve the general operating characteristics of the system some
changes should be made. The mechanical linkage between the high pressure

~vessels and the Tow pressure ‘transfer bottles should be automated to make the

changeover from one pressure vessel to the other. This would allow unattended
operation of the system. . =~ . SR T
Additional problems were encountered with the water supply unit although

~most were minor and could be overcome ‘with repairs done in the field. The

gravity feed of water to the low pressure transfer bottles was too slow in

many cases. Employing a larger I.0. line should eliminate this problem (from
174" to 3/8"). Overpressurization of the polyethylene bottles caused seams. on
the bottles to split on several occasions. The bottles were field repaired by

~welding them with a oxy-acetylene torch. By employing larger lines and

limiting pressure on bottles to 10 psig these problems can be avoided.
In general we found this system to be extremely easy to operate and very
effective for the various fracture characteristics encountered.

-17 -




S A2

1.

2.

3.

4,

REFERENCES

U. Isherwood, E. Raber, D. Coles, R. Storie, "Program Plan: Field
Radionuclide Migration Studies in Climax Granite", Lawrence Liverinore

National Laboratory, Report UCID-18838 (November 1980)

P. Bourke, A. Bromley, J. Rae and K. Sincock, " A Multi-packer Technique
for Investigating Resistance to Flaow Through Fractured Rock", NEA Workshop
on Siting of Radioactive Waste Repositories, Paris (May 1980) '

D. Webster, J. Proctor,kl; Marine, "Two Welerracef Test in Fractured

- Crystalline Rock®, U.S.G.S\Paper No. #1544-1 (1976)

‘L. Lundstrom and H. Stille, “Large Scale Permeability Test of the Granite
} {in the Stripa Mine and Thermal Conductivity Test", Swedish Nuclear Fuel
' Safety Program,” Stocknolm (March 1978) R -

P

Lawrence Livermore National Laboratony Health and.Safety Manual,a;,

Supplement 32.03, Rev. 12-10-80 Pressure Vessel and System Design (1980)

" D..E. Lord, Mechanical Engineering Safety the, EﬁR-BO-QOG'(]QSI)..

D. Iéherwood; E. Raber and R. Stone, "Site Characterization For Field

Radionuclide Migration Studies in Climax Gnanite" Scientific Basis for

Nuclear Waste Management Vol 4, Materials Research. Society (1982) (in

press)

- 18 -



