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ABSTRACT 

This paper presents the current Borehole Plugging Program (BHP) at Sandia 
National Laboratories and addresses the four major functional tasks 
considered necessary for a successful program: 

(1) project management, including methods to identify, design, and 
control needed experimentation; 

(2) identification of candidate materials, emphasizing cement-based 
products as the most advanced alternatives due to the extensive 
existing technology base, but recognizing the potential application 
of alternate materials; 

(3) development of test instrumentation based on utilization of 
existing techniques, evaluation of their adequacy, and iden
tifying modifications necessary to improve effectiveness; 

(4) field test program, which includes testing and verification of plug 
performance. 

The scope of the current program on wellbores, cementitious grouts, and 
available technology is compared to planned extension to shafts and drifts, 
alternate materials, and improved instrumentation. The relationship of this 
program with assessments of long-tera suitability performed in the geochemi-
caJ program is presented. A brief presentation of current and planned field 
tests is given along with projections for future activities and results. 
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BACKGROUND 
The current Borehole Plugging Program (BHP) has been in progress since 

October 1S78. Prior efforts within the Sandia Waste Isolation Pilot Plant 
(WIPP) were devjted to establishing a baseline materials development program 
using cementitious materials that could be candidates when a systematic pro
gram for uellbore plugging was established. During the original phase of 
the WIPP plugging program, the ERDA 10 wellbore in southeastern New Mexico 
(SENM) was plugged in October 1977. Pour stages of plugging material were 
used to demonstrate the capability of emplacing a segmented-by-mix plug under 
actual field conditions.! The current program at Sandia is sponsored by 
the Office of Nuclear Waste Isolation (ONWI) as the bedded salt element in 
their overall generic plugging program. Appendix A shows a generalized str-
tigraphy for the WIPP site. While the immediate application of resu1'.^ is 
directed at WIPP-related issues, the overall concept of the pro'-am is 
designed to support generic salt formation repositories, c itain field test 
techniques under development will be applicable to pluc^ng efforts in all 
media. 

PROGRAM BASIS 
The current Sandia BHP is motivated >j results obtained from consequence 

assessment scenarios previously descri' ed.2'3 Thus for repositories sited 
in soluble Media, intrusion of groun waters leading to salt dissolution and 
subsequent entrainment and transpo' t of the radionuclides to the biosphere 
pose the threat scenario. While ;he WIPP site hydrology is such that the 
dose to a maximally exposed ind vidual is a small fraction of natural 
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background according to consequence assessment evaluations, nevertheless it 
seems prudent to control these fluid intrusions into the repository as an 
added safety feature. Additionally, factors which provide the basis and 
motivation for a comprehensive BHP program include: state laws requiring the 
plugging of abandoned wells, the general public's apprehension about nuclear 
waste repositories, application to other sites without the favorable hydro-
logic setting, and a general lack of data on the effectiveness of plugging 
efforts. An outline of the program is contained in Appendix B. The presen
tation in this paper is shown on B-l, while B-2 summarizes the objectives of 
the program.* 

TASKS 
The issues identified to date within the BHP lead to the definition of 

the four major tasks described below that are required to attain the planned 
effectiveness. The function of these tasks is to identify, assess, resolve, 
and document the relative impact of these issues as applied to a repository 
site in bedded salt strata found in SENM. The documentation of this program 
will provide the basis for addressing the generic issues as they Become 
known. Some of the current issues under consideration in the program are 
listed on B-3. A brief discussion cf each task follows. 

Management and Design 
This task (B-4) provides the central coordinating function for the BHP 

tasks and includes budget allocations and priorities, required quality 
assurance activities, and program documentation. Contact with other WIPE' 
tasks and outside agencies is provided within this task. 

Program needs, guidance, and direction are defined in this task as is 
overall responsibility for support and implementation. Primary program 
emphasis at this time is an understanding of wellbore plugging requirements 
and an evaluation of current efforts to meet the requirements. In the con
ceptual stage at this tine axe multimedia plugs providing for the separate 
functions of sealing, radionuclide sorption, and filling, along with modular 
emplacements of these multimedia plugs for protection of the seal against 
earth motions. 

Pield and laboratory activities conducted within the program are imple
mented under a Quality Assurance Program to provide confidence in the 
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results obtained during testing and to establish the basis for industrial 
plugging efforts at repository sites.5 

Expansion of the progam to include shaft sealing and drift backfilling to 
provide compartmentalized isolation within the repository is now in the 
planning stage and will be emphasized in 1982. 

Materials 
This task (B-5) includes the development, testing, and selection of 

appropriate materials to support BHP program needs. In the current stage of 
development, cementitious materials are the priaary plugging candidates. 
These include both fresh water and brine mix grouts and various additives. 
The identification of cementitious materials as acceptable plugging materials 
would simplify the BHP considerably since this technology now exists. While 
cementitious plugs are considered adequate for sealing in the short term, 
their long-term suitability requires further evaluation.*'7 

Responsibility for determining the long-term suitability of plugging 
candidates, however, is also included within the materials task. To support 
this effort, a joint cooperative program is being conducted in geochemical 
analysis and testing by Sandia, ONWI, the Pennsylvania state University, and 
the U. S. Army Corp of Engineers Waterways Experiment Station (WES) at 
Vicksburg, MI. This effort will initially examine the proposed grout plug 
candidates to evalute long-term (300 years plus) suitability; future expan
sion of this program to include alternate materials is possible depending on 
the initial evaluation of the grout work."'''* 0 

At this time, only cementitious materials are under development at Sandia 
as plug (sealing) candidates; however, expansion to include other materials 
into the program either as seal, getter, or filler candidates is inherent 
within the materials task and will be assessed as the program continues and 
when fl~e - propriate technology can be developed. 

Instrumentation 
This task (B-6) includes assessing instrumentation requirements, identi

fying instrumentation sources, achieving required accuracies, developing new 
systems if necessary, and providing the expertise to obtain the data requir
ed, while specifically directed at field test requirements, any and all 
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needs for Instrumentation in the laboratory testing program are included in 
the task responsibility. It is important to note that the current BHP pro
gram is designed to evaluate candidate plug performance, and the instrumenta
tion task supports this effort. Once the adequacy of a plugging technology 
is assured, subsequent testing and monitoring of the repository plugs may not 
be necessary, thus lessening the instrumentation task role.H<l2 

Current task emphasis is on existing technology, primarily oil field 
techniques with modifications to enhance their application to the BHP. When 
inadequacies or nonexistent techniques are encountered, the Instrumentation 
task will initiate the appropriate development. Current efforts include 
improved logging techniques for nondestructive assessment of plug performance 
and downhole television (DBTV) use for assessing wellbore conditions in 
preparation for plugging.13 

Field Test 
This task (B-7) provides in situ evaluations of plug candidate itiaterials 

and emplacement techniques. It provides for comparison of results in the 
field environment with those observed in the laboratory and allows the 
development of the reasons for observed differences. The need for field 
testing is evident considering the many in situ variables that cannot be 
modeled adequately in the laboratory and the higher acceptability of field 
results by scientific and lay observers. 

The Bell Canyon Test (BCT) (B-8), in which a six-foot plug is emplaced 
in a thick anhydrite bed and the natural hydrostatic pressure of 1800 psi is 
applied across the plug to determine the in situ effectiveness of the plug 
formation complex, is underway.14 The plug will be evaluated at its ori
ginal length and subsequently lengthened to a total of 18 feet to assess 
predictions for scaling length to performance.15,16 

Planned tests in PY80 and FX81 include the Potash Core Test (PCT) 1 7 

(B-9) and the Surface Wellbore Test Bank (SWTB)18 (B-10). In the PCT, an 
existing plug in a potash borehole will be selectively overcored to deter
mine the quality of the plug/formation performance. Laboratory analysis will 
provide required data for evaluating the suitability of the current materials 
program. The SWTB consists of two phases: Phase one will emplace a bank of 
candidate mix plugs for in situ curing and subsequent overcoring at multiyear 
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intervals for performance evaluation; Phase two is designed to provide in
sight to techniques and effectiveness of plugging aquifers. Future tests in 
the conceptual phase at this time include the Diagnostic Test Hole (DTH) 4 

(B-ll), the Hedia Quantification Experiment (MQE) 4 (B-12) and additional 
undefined plugging exercises in selected wellbores near the HIPP site. The 
DTH will provide an open center plug for in situ nondestructive testing; the 
HQE will provide for in situ formation testing at a mining horizon. 

PROGRAM SCOPE 
The foregoing discussions indicate the current efforts underway within 

the BHP; the basic approach is to use available technology, i.e., oil field 
cementing, instrumentation, and testing procedures, modified as necessary to 
attain the program objectives for bedded salt strata. Current emphasis is on 
laboratory and field wellbore testing for short-term (approximately 50-300 
years) validity. Long-term analysis and identification will be determined in 
a companion geochemical program. 

Planned expansion of the program includes shaft sealing and drift back
filling anu sealing, and inclusion of alternate sealing material candidates 
as the need is identified and the technology becomes available. B-13 
displays the concepts described here. 

PROGNOSIS 
Current information suggests that cement technology now in use will be 

adequate in the short term; long-term stability is expected. Planned plug 
configuraton involves multimedia components for sealing, adsorption and void 
filling; these in turn can be "stacked" to provide wellbore segment 
isolation. 

There are no fundamental issues identified to date which would preclude 
cement technology. Long-term monitoring of the wellbores is not planned and 
will probably not be required. Final plug design will lead to a quality-
assured plugging technology using industrial practices (B-14). 
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8. BCT Schematic 
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SANDIA NATIONAL LABORATORIES BOREHOLE PLUGGING PROGRAM GHP) 

OBJECTIVES 
o ASSESS IMPACT OF LEAKAGE THROUGH MAN-MADE PENETRATIONS RELATIVE TO NATURAL 

MIGRATION PATHWAYS BY DETERMINING POTENTIAL EFFECTS ON PUBLIC HEALTH AND 
SAFETY UTILIZING CONSEQUENCE ANALYSIS AND SITE SPECIFIC DATA TO SPECIFY 
ACCEPTABLE WELLBORE LEAKAGE CRITERIA. 

o DEVELOP MATERIALS, TECHNIQUES AND INSTRUMENTATION TO DETERMINE THE ADEQUACY 
OF PLUG DESIGNS IN KEEPING WELLBORE LEAKAGE COMPARABLE TO THAT ALONG 
NATURAL MIGRATION PATHWAYS. 

° USE GEOCHEMICAL TECHNIQUES TO EVALUATE LONG-TERM PLUG DESIGN ADEQUACY. 
o EVALUATE IMPACT OF PLUG FAILURE AT VARIOUS LIFETIMES WITH CORRESPONDING 

CONSEQUENCE ANALYSIS. 
o PROVIDE ACCEPTABLE PLUG DESIGN AND PROCEDURES AS THE FINAL PRODUCT FOR 

APPLICATION TO THE SENM SITE, INCLUDING EVALUATION AND DEVELOPMENT OF A 
MULTILAYERED, MULTIPURPOSE PLUG DESIGN. 

INTEGRAL PART OF ONWI GENERIC PROGRAM 

F i < J u r e 2 f f l Sandia Laboratories 



POTENTIALLY SIGNIFICANT ISSUES 

FIELD ACTIVITIES 
MATERIAL AVAILABILITY 
MIXING 
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PLUG PERMEABILITY 
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HOST ROCK PROPERTIES 
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BONDINGj STRENGTH; LEAKAGE 
PLUG/ROCK COMPATIBILITY 

THERMAL 
EXPANSION; STABILITY; CONDUCTIVITY 

MECHANICAL 
CHEMICAL 

GEOCHEMICAL STABILITY 
ALTERNATE MATERIALS 
CONSEQUENCE ANALYSIS 
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Figure 4 
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Figure 5 

MATERIALS 

o CEMENT TECHNOLOGY 
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Figure 6 
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Figure 7 

FIELD TEST 
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WIPP BHP PROGRAM 
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Figure 9 

POTASH CORE TEST (PCT) 
Objective: To obtain an in-»itu cured plug of known Mix for determination 

of bench acale properties and for comparieon to Plug 217, 

WIPP SITE 

P-13Location: 
RUE, T22S, Sect 18 
2one IV WIPP Site 
T.D. 1S76* 
Emploced 9/17/76 

Plan: Nominal 16" overcore of 8" diameter P-13plug emplaced by WIPP 
group on 9/17/76. 

Rationale; Provide for comparison of high-atrcngth cement plug in p-13 
to low-strength plug 217 received from SENM potash mine in 
November 1978. 

Advantages: 
1. Provides direct comparison rl current plug technology to that 

of early 1960'a technology. 
2. Permits evaluation of in-iitu curing properties. 
•*. Permits evaluation of well bore healing and plug media bond. 

f f l Sandia Laboratories 
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Figure 10 SURFACE WELLBORE TEST BANK 
(Schematic only) 
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OBJECTIVES: ) , To e s t a b l i s h a s e r i e s oF In a l t u p lugs of known 
en* p o u t i on tor subsequent o v e t c o c t recovery , 

2. To develop criteria for plug mitt a«pl«ca»ent techniques, 

3. To provide for in allu plug testing In the aquiferl of 
the »u»tler for»at!on. 

DESCRIPTION: The SWTB will establish in situ Cured plugs of ver loua 
compositions for subsequent over core recovery and bench ecale 
testing. This will provide a long-ten test of vei l -
documented esplscenents that cen be r*<s">vered and tested at 
specific tiae Intervale to determine any changes in plug 
characcerlattca. 

The SWTB will establish the effect of gas flow perpendicular 
and parallel to the natural flow direction. This v i l l peralt 
evaluation of aquifer enisotropy. 

The SWTB will evaluate the eff•ctivenaea of plugging above and 
below s permeable sone compered with aquaaaa cementing the 
psraeable sons. This wil l provide Input raqulreaents foe 
permeable tone plugging procedures. 

Sandia Laboratories 
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Figure 11 

DIAGNOSTIC TEST HOLE (DTII) 
Objective! Provldo in-eitu test bed for snort- and" long-term analysis 
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CULEBRA AQUIFER 

Rationale: 

I; Drill nominal 8" diameter well bore, plug with 4" open center, 
providing 2" fcnnulus {or in-situ testing of plug bond at 
various strata. 

lit Overcore with nominal 24" diameter, using 4" open center 
ss pilot, replug with open center of nominal 20" diameter 
for extensive long-term testing similar to Phase I. 

This test provides for actual in-situ testing at all strata 
levels to the Salsdo'formation to determine plug bond integrity 
and permits recovery of plug for bench scale testing. 
Replugging will establish the large (20-) open center for more 
extensive in-situ testing ftt a later date and leads to 
development of shaft-liVe plugging techniques. 

The overcore 
bore in Phai 

e well bore of the PCT may be used as the initial well 
me I, eliminating the need for a new drill hole. 
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HIKE ROOM WELLBORZ TEST BAHX 
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Figure 13 

PROGRAM SCOPE 

o CURRENT 
WELLBORE TECHNOLOGY WITH MODIFICATION 

DRILLING 
LOGGING 
PLUGGING 

o PLANNED 
SHAFT/DRIFT TECHNOLOGY 

ALTERNATE MATERIAL IN SITU TESTING 
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Figure 14 

PROGNOSIS 

o CURRENT TECHNOLOGY ADEQUATE 

o EXPECTED GROUT STABILITY 

o MULTIMEDIA/MULTILEVEL PLUG CONFIGURATION 

o LONG-TERN MONITORING NOT ANTICIPATED 

o INDUSTRIAL TRANSFER OF QA CERTIFIED PLUG DESIGN 
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