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INTRODUCTION 

The Borehole Plugging (BHP) Program is a part of the Sandia experimental 

program to support the Waste Isolation Pilot Plant (WIPP).l The Sandia 

BHP program is an Office of Nuclear Waste Isolation (ONWI)-funded program 

designed to provide inputs to the generic plugging program while simul­

taneously acquiring WIPP-specific data. For this reason a close liaison is 

maintained between the Sandia. WIPP project and the ONWI generic program. 

useful technology developed within the Sandia BHP to support WIPP is made 

available and considered for further development and application to the 

generic Borehole Plugging and Repository Sealing Program at ONWI.2 The 

purpose of this report is to illustrate the usefulness of downhole· tele­

vision (DHTV) observations of a borehole to plan plugging operations. 

BACKGROUND 

The Sandia BHP includes a field te::;t program for testing candidate plugs 

in situ. One such field test now in progress is the Bell Canyon Test.3 

While conducting permeability measurements during this test, a need arose to 

locate competent packer seats in a borehole. The nature of this testing 

required that locations having a minimum of five linear feet of undisturbed 

wellbore wall be identified. The accepted procedure to locate these seats 

is to identify them by use of a caliper log; however, in our case, after 

several failures to obtain satsifactory seats, it was decided that some 

technique other than a caliper log selection process was required. 

Accordingly, a local water-well service company, which uses a closed­

circuit TV system, was hired to assist in selecting the desired packer 

seats. (A more detailed description of the rationale in selecting a packer 

seat location for a precision permeability measurement is presented in 

Appendix A.) The results of this service are presented here as information 

for those unfamiliar with the appearance of a wellbore at depth. This 

report is an,attempt to make these results generally available. 
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: The photographs included herein were randomly selected from a video tape 

of the actual wellbore DHTV survey to illustrate the types of wellbore 

conditions that may be encountered, especially in formations subject to 

dissolution effects. 

EQUIPMENT 

As noted, the DHTV rig was part of a hired service, generally used for 

logging of local water wells. Application to a field test program requiring 

accurate and repeatable positioning within inches was not intended. The sys­

tem consisted, of a van with a 3000-foot cable reel, drive and controls mount­

ed in the rear; a nominal 6-inch 00 video camera, including two lighting 

arrangements--one for dry holes and one for underwater operations; video 

monitor and a video recorder capable of superimposing the cable reel footage 

readings. The rig included a well-head pulley arrangement to lower the 

assembly into the wellbore, and the entire operation was conducted by one 

operator and a helper. Assembly time required about one hour. 

RESULTS 

The accompanying illustrations provide an indication of the wellbore, 

conditions observed. Figures 1 and 2 illustrate the equipment and setup 

procedure used in the evaluation of AEC-7 for the Bell Canyon test series. 

Figures 3-8 present a sequence of pictures at various depths as the DHTV rig 

is lowered through the wellbore. Sample photographs taken with both dry and 

underwater"lamps for illumination are included. The caliper logs for the 

same depth are included for comparison. Again, the reader is cautioned not 

to try to make depth correlations closer than 12 to 24 inches because of the 

uncalibrated nature of the TV cable system. General comments are provided 

on the illustrations. 

' -5-



CONCLUSIONS 

The use of downhole television provides additional knowledge of wellbore 

conditions. While only qualitative at this stage, the potential usefulness 

of this technique is obvious. While in some .cases the correlation to the 

caliper log is good, there is evidence that a one-arm caliper will miss some 

of the cavities picked up by_ the camera. Extension to three- and six-arm 

calipers can reduce this risk but adds complexity and expense. In those 

cases where knowledge of the wellbore condition is required, as in a field 

test program for borehole plugging, the DHTV system can be invaluable. 

Sandia National Laboratories is in the process of assembling a downhole 

system which will provide greater depth capability for DHTV coverage and 

will also include a limited wire line logging capability for monitoring 

downhole pressures, temperatures, and other selected borehole conditions. 

\ 
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APPENDIX A 

PACKER ELEMENT/BOREHOLE INTERFACE SEALING 

E. w. Peterson 

Systems, Science and Software 

The measurement of liquid and gas flow through geologic media possessing 

microdarcy-range permeabilities is recogized as an important technical con­

sideration in the design of nuclear waste repositories and associated barrier 

zones. Conventional oil-field technology developed and successfully used for 

testing millidarcy-range formations has not addressed certain problems inher­

ent in performing reliable, reproducible, quantitative measurements in the 

microdarcy range. One unresolved problem is that of forming a sufficiently 
I 

tight seal along the packer element/borehole interface so that conventional 

pressure buildup, fluid production, and injectivity tests can be performed. 

While three-arm caliper logs are beneficial in identifying borehole intervals 

possibly suitable for packer placement, the added resolution provided by a 

closed-circuit TV log becomes invaluable when testing microdarcy-range media. 

Examples of packer/borehole sealing requirements for such testing.are given 

below. 

In conjunction with the borehole plugging program at the WIPP site, in 

situ testing has been performed to determine the salt bed permeability at 

the proposed repository level, the formation permeability at the plug 

emplacement position, and the capability of the borehole plug to block flow 

from a high-pressure aquifer. Each of these tests presents different 

requirements for packer/borehole sealing if quantitative data are to be 

obtained. 

Permeabilities of the salt beds were evaluated using the guarded straddle 

packer system shown in Figure A-1. The protected volumes afford a means of 

quantitatively assessing both the horizontal and vertical flow components. 
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This latter quantity, which is not measured using conventional systems, must 

be measured when testing formations with microdarcy-range permeabilities to ., 
insure that any flow bypassing packers closing off the test interval is 

small compared to that entering or leaving the formation. Test inter·vals 

range from 30 to 60 meters, and their surface_. area is large compared to the 

wellbore cross-section area. As a result, this measurement has the least 

severe packer/borehole seal r.equirements ·of those discussed. Even so, 

working with air at a control-zone pressure of .8 MPa requires the leak :rate 

past the enclosing packers be ( 10 SCCM (e.g., equivalent water flow ~ 3 x 

lo-4 STB/D), if formation permeabilities in the order of a microdarcy are 

to be measured~ 

The most stringent measurement requirements occur when performing plug­

zone integrity tests or when evaluating plug performance. The standard 

configuration ·for performance evaluation is shown on Figure A-2. Tests 

performed to date evaluated either.the fluid buildup or pressure buildup. 

With the configuration shown, a 16.0 MPa pressure is maintained in the 

annulus above the umbrella packer (i.e., the borehole makes water). In 

order to measure a flow corresponding to that occurring through a cement 

plug having a microdarcy permeability, the flow around the umbrella packer 

must be on the order of ( lo-5 STB/D. 

The preceding examples illustrate some requirements that must be 

satisfied when performing in situ testing supporting nuclear waste isolation 

programs. Packer element/borehole interface seal requirements are so 

critical that they obviously cannot be assured pre-test even by visual 

examination of the borehole, since gap or fracture dimensions (i.e., see 

insert on Figure A-2) must b~ ( lo-5 em. Final evaluation of the seal 

integrity can, many times, be done only through post-test data evaluation. 

However, it must be emphasized that visual examination of the borehole 

provides improved wellbore surface definition and would certainly supplement 

three-arm caliper logs. In that respect, use of the DHTV saves rig time by 

greatly increasing the chance of setting the packer in a competent zone. 
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Figure A-2. Sketch Showing Configuration Used for Evaluation 
of Bell Canyon Pluq Performance. 
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Figure 3 A-D. DHTV With Dry Lamp in Dry Environment; 
Lithology With Increasing Depth Typically Sandstone, 
Siltstone, Mudstone 
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Figure 4 A-D. DHTV With Dry Lamp in Dry Environment; 
Lithology With Increasing Depth Typically Sandstone, 
Siltstone, Mudstone 
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Figure 5 A-D. DHTV With Underwater Lamp in Underwater Environment; 
Lithology Wi th Increasing Depth Typically Siltstone, 
Gypsum, Anhydr ite 
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Figure 6 A-D. DHTV With Underwater Lamp in Underwater Environment; 
Lithology Typically Siltstone, Gypsum, Anhydrite 
Photo Sequence Shows Large Cavernous Zone 
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