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WIPP BOREHOLE PLUGGING PROGRAM DESCRIPTION

I. General Discussion

Decommissioning of wastz repositories will require reasonable assurance
that public health and safety will not be affected during or subseguent teo
such actions. Inherently this implies that the emplaced wastes will not be
expected to reach the biosphere, given realistic and rational release
scenarios, in gquantities that represent a heslth hazard to the human
population. To expect absolute assurance that no radicactivity will ever
reach the biosphere is unreasonable; to expect that all reasmnable precautioas
will be taken to minimize the release to accepted safe Llevels should be a
cequirement For decommissioning of the repositiory. The borehale plugiing
program herein described is one facet of the latter requirement.

Preventing release of waste radionuclides via man-made penetrations is th=a
basic premise for the borehole plugging program which, in turn, requires that
fluid migration into and out of the repository be minimized and controlled.
Thus the overall effort is directed at the understanding and control of Fluid
circulation near the plug. The requirements for a successful solutisn invalve

the following considerations:

For a man-made penetration into a repository formation, what is the
potential for and consequence of waste egress via this pathway; in what
manner does the penetration compromise the integrity of the formation an??

for what duration?

Clearly, this is a complicated, difficult Question which is site specific
and cannot have an absolute universal answer, This program will address ths
issuves involved for WIPP and attempt to quantify plugging techniques that

protect the public interest and safety.

The sallent issues in the above guestion are:

1. What is the potential for egress?

2. Bow is the formation integrity compromised?

3. For what duration i{s the formation integrity compromised?

4, What 1s the consequence of eqgress?



The WIPP BHP Program will attempt to provide answers to each of the above

issues and will be site cpecific to the proposed southeastern New Mexico

{SENM) WIPP site, Extrapolation of results to other geologic strata must be

done carefully and thoughtfully.

1.

The potential for egress depends on many factors. FPor purpaoses of the
BHP program, the assumption ic that, in the long term, some
radionuclides will be in a lecation (i.,e., at a borehole/media
interface) to be transported via solution in brine either through the
plug material, the formation rock near the plug/media interface, or
along the interface itsel€. The issue here then is to address

technigues for the Follawing:

A, Minimization of Fluid presence at the waste horizon.

B. Determination of flow rates under the assumption that fluids have
reached these horizons through the well-bore.

C. Control of possible gas releases.

D. Determination of leach and transport rates of radionuclides at the

det:rmined Elow rates.

The effect of a well-bore on formation integrity represents the major
thrust of this program since the capability to preclude egress depends
directly on how closely the formatian was restored to its undistucbed
state. The determination of the Eormation material properties prior
to well-bore introduction, and the restoration of these properties are
the primary goals to be achieved in the BHP. The issues tc be

addressed are as [ollows:

A. What are the undisturbed media fluid migration rates an3j pathways?

B, How do migration rates and paths through and around plugged well
bores ocompare to the natural values?

C. Can the well bore migration rates be made comparable to ot lecs
than the natural rates, and what is the impact of possible

unresolvable differences?
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. What are the conSequences to public health and safety for:
1. natural migration rates?

2. achievable well boce rates?

Tre walidity period for the established well-bore rates is a more
Sifticuit issue. Clearly real-time proof over geolnngic lifetimas
mannet be demonstrated, bt geochemical technigues ‘may be used to
demonstrzate lorg-term stahility of plug materials in a given
enviromient and these techniques will be utilized and expanded in an
ong2ing WIPP program to ascess the long-term issues for WIPP and to
provide a technology bYasis for the multi-media, multi-barrier Generic
Borahole Plugging Program being directed by the Office of Nuclear

waste Tavlation {ONWI) .

The wonsejuence of egress to the biosphere must consider the
time-depandent nature of the nuciides, migration time and mechanism to
2nd through a well-bore pachway, sorption/deserption mechanisms during
trangport and, finally, the decayed nuclide source strength and method
of :introduction into the ecosystem upon arrival at the biosphere.

This problem is being addressed in the risk and consequence analysis
portion of the Sandia WIPP program. For the BHP program, it is
sufficient to evaluate whether fluid ingress and subSeguent egress
tarough the well~bore pathway is easier or more difficult than through
the native material pathway on the basis of criteria received from the
WIPP Coniequence Analysis Program. There are indications from the
WIPP Consequence Analysis Program that even the worst case of an
unplugned well bore does not represent a significant impact on the
peblic w2ll-being. Further efforts to better quantify this

consequence will continue concurcrently with the BHP program.
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II. Objectives

The preceding discussion leads to the formulation of the following
objectives to be addressed in the WIPP BHP program.

o  Assess impact of leakage through man-made penetrations reictive to
natural migration pathways by determining potential effects on public
health and safety utilizing consequence analysis and site specific

data to specify acceptable well bore leakage critera.

o Develop materials, techniques and instcumentation to determine the
adequacy of plug designs in keeping well bore leakage comparable to
that along natural migration pathways.

o Use geochemical technigues to evaluate long-term plug design adequacy.

o Bvaluate impact of plug failure at various lifetimes with

corresponding consequence analysis.
a Provide acceptable plug design and installation Drocedures as the

final product for application to the WIPP, including evaluation and
development of a multi-layered, multi-purpose plug design.

4~




ITT. Rationale For Plan Organizaticn

The overall plan developed here is the result of workshop meetinas,
private conments, published critiques, an< the WIPP schedule. A general
overview of the why's and how's leadin~ to the plan iz presented here.

Commencement of WIPP construction may include a requirement chat a BHP
technology program is underway and that favorable results can b2 evpectaed to
isalate the repository when the future decommissioning date is reached. Witw
construction Scheduled to begin early in 1981, results must be obtained 1n the
short term to support the feasibility of isolating the repository. To meah
this initial reguiremcnt, cement-type materials will be vced in the immediare
program since this technology is already well established and there are n»
fundamental reasons to suggest that cementitious materials will not be
adequate for the long term; however, this is not to pre=lude the uase Jf
alternate materials both for the plug itself or as an inateclayered attenuating
{sorptive) material in the long term. BSubseguent development of the progranm
wili include materials similar to those found in the WIPP Strata apecifica. ly,
includiny multi-layer, multi-purpese plug designs.

While the use of natural materials may Seem more satisfying i1 permitting
restoration of the media with the least possible discontinuity and while some
initial laboratory results are encouraging {Martin 1975), field demonstration
techniques have not been adequately developed., Therefore, parallel patas for
the long~term analysis of plug materials will be taken, one addressing the
identification and use of natural plug materials, their emplacement and
adequacy, 2nd one addressing the long-term geochemical stability and
suitability of grouts. 1In this way, the long-term stability of grout, if
demonstrable, would provide a solution or at least a choice of techrniques for
the long term.

Thus, the program development evolves into two basic activity time Frames
(1) chort-term efforts, involving current technology, and (2) identification
and development of long-term efforts involving potential technology. For
clarity these are arwvitcarily defined as follows, recognizing that precise

time delineations are neither possible nor required.
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Short term: 1-2 years (n.q., to 1980} real time in which effects valid for

10-60 yrars can be predicted,

Long term: 2-30 yrars (e.g9., to 2000) real time in which it may be
possible to predict effects valid far geologic times.

The 1nttial thrust of the program will be to exploit the short-term issues
with the 1mmediate goal of satisfying WIPP construction acheduyle requirements,
and myolving intn a definiktion and zZolutiosn leading to the satisfactinon of the

long-term issues.

The primary test beds will be well bores, nominally 6~8" in diameter in
which cmplacement an? testing techniques will bhe developed with subsequent
adaptation to shafts with diameters cn the order of fest. A fundamental issue
Lo he assessed (S the extent of the disturbed zone in the proximity of the
weil-bore or shaft wall and how this is affected by the technique utilized 1in
creating this well bore, i.e., drilling, coring, ©oc blasting, and the
subsequent effect on appraopriate plugging e(fofts. Specific attention will be
given to the influence of these effects on methods used to construct the WIPP

cepository.
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tV. ISSUES TO BE ADDRESSED

» 1n 4o AHP program 1s the identification of the i3s5ues,
o oeruad, which must be addeessed to assure an adaquate borehole
the short- and long-term. The program must avaluate the

nach 15gue co that - “tarts and resources will be apornpriately

T teating progran must be directed toward resolving these

¥y &irzniisming crodibility within both the scientific and lay

rzanitien reqacclin the capability [or providing competent plugs.

A vearative cuaamary of potentrally impartant issues (without consideration

St latpwe Lrporzanee; os given 1n Table T oand represents the basis From

Troothe progr will de

iOp.  Note that the last item, conseguence

©, Fallz oarside the realm of the other physical plug characteristics

sovhe st oand nence will ne addressed as a separate element in the program.

Work o thls area 13

£, and results

underway to suppart the WIPP pro
attaracd will e atilized to support the BHP program.
ALl of these 133uers will be addressed to assure that the phasing of

taboractory and foeld programs is Appropriate to support a schedule

Y ar

surate with WIPP program needs.

To accomplish the objectives of the program, speciEic delegation of tasks

e done to insure a coordinatad effort. The general assignment of these

ti1sks i3 as faiiws:

L. Quantitative Assessment of Current Technology: Formal collection of

2xisting technology data will be done by ONWI suhcontractors.

2. Consequence Analysis: Site speciEic data will be provided by Sandia
for 1nptegration into the WIPP conseguence assessment program and for
determination of acceptable migration rates. Sandia consequence
analysis will be coordinated with WISAP studies as appropriate.

3. Materials: Grout recspes will be developed and distributed by
Sandia. Laboratory testing will be done as a joint effort between
sandia and ONWI. The geochemical program will be initiated by ONWI

with support from Sandia. The alternate materials program will be



developed by ONWI with field test bede provided by Sandia. Specific
plug design will be a Sandia effort with calculations coordinated with
any ONWI contractors. Grout recipes and plug seepage criteria will be
praovided by Sandia.

Instrumentation: Requirements and development will he accomplished by

Sandia.

Field Testing: Requirements will be provided by Sandia.

Quality Assurance: Plan development and implementation Will be a
Joint effort between Sandia and ORW:.



TABLE [ POTENTIALLY SIGNIFICANT ISSUES

Field Activities
Material availability
Mixing
Emplacement
Curing Interactions
Plug Permeability
Peripheral Region Permeability
Host Rock Properties
Piug/Rock Interface inteqrity
Bonding
Strength
Leakage
Plug/Rock Campatibility
Thermal
Expansion
Stability
Conductivity
Mechanical
Modulii (Elastig)
Expansivity
Unconfined Compressive Streagth
Chemical
Thermodynamic Scability
Resistance to Electrolytic Degradation
Geochemical Stability
Alternate Materials
As plugging Eillers
As barrier filter: (adsorbers}

Consequence Analysis
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V. PROGRAM ELEMENTS

At our present state of knowlerdge, seweral program elements have been
idencified for which activity is required. These elements include activities
whizh are pertinent to bath WIPP speciflc onncerns as well as more generic
svudies for BHP. The appropriale responsiblities for some of these activities
will be resolved as the WIPP BHP program i5 i1ntegrated intn the ONWI generic

program [or BHP.

A. Quantitative Assessment of Current Technology

In addition to surveys and cummarization of all per*inent efforts in BHP,
a concacted effort will be made to quantify and document the related :ndustry
and DOE efforts at borehole plugging. These include data fram gas storage
Cields, in-5itu permeability tests, etc. BEmphasis should be placed on
determining how effective the methods are and organizing tha data into a
presentable form so kthat its applicability to nuclear waste repositories is
apparent. Useful historical data may be gained from plugs which have been
emplaced for long enough times to infer information about plug behavior.

specifically, additional information may be obtained by analyzing plugged
boreholes used for potash exploration near the WIPP site. These holes were
plugged and subsequently intercepted as mines were developed. 3ince numerous
holes are typically required fFor ore horizon definition, good statistics may
be available on plug integrity and plug adequacy provided by the emplaciag
time technology, permitting updating and comparison to now curzent cementing
techniques. Information contained in the “Status Report" on current
technology presently being prepared for ONWI will be the basis for this

program element.

B. Consequence Assessment
Development of analytic conseguence assessment codes to address the

results of water fl.. in boreholes or gas migration out of the repository will

be valuable in determining what is meant by an "adeguate™ plug, Preliminary

work in this area for the WIPP specific enviromment would indicate that an -
absnlute seal is not required (Brannen, 1978). Moreover, even the most

conservative assumptions about establishment of direct flow between the

Rustler aquifers (Appendix C, Figure C3) and the disposal horizon does not
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lead wo radinnuclide concentrations at potential discharge points which exceed
7inTent maximdam perm:ssible concentration standards. The goal shauld be to
tillze oontequenco? analysis to determine acceptable leakage criteria and to
deveiup a plug to meet this criteria. Then the added protection of the plug
tn providfing remsizary 1solation ooald be svaluated.

ne paItsihle yarzation on the concept of the borehole glug is to
g4 1tergrely cause it to be more permeable than the native rock, thus
f-lian,ng 1t to Lo a path of jeast resistance to radionuclide migration. Tn
st wug, tong-term radionuctide migration tesulcing from the possible
femoapscrzion 2f the waste £orm matrix, wonld tend to concentrate in selected
Wil twre pavthways {crom which samples could be taken and the effective
‘- 31om7] miqgration predicted.  That is, specific well bores could be designed

Ti:iote 3 owywn woak link, A fuse as it were, which would provide early~time

7 po3smible 1mpending problems and permit corrective action to be
saken 3¢ required. A conseguence analysis model of this scenario should be

s a0 the averall canseguence assessment. Additional weork incorporating

ral *s9r dissnlution caused by {luid intrusion will be :@ategrated
(s thege assessments.

Toncliasions from the consequence assessment at the WIPP site may not,
fuwcuar, boogenarally applicable to other sites and different madra, The

1oeal hydrologic environment and nuclide migration potential mus: e

1

considernd before similar concliusions are made for other poterti

TEPILEgY LG,

“. Test Program

h general resting program will be implemented based on the integration of

f1e.i and ilaboratary programs. The principal initial activities will be
directed towacd determining which of the issues in Table T are in fact
329nL7icant and on the application of current technology (cementitious grouts
and mnventional/near-term instrumentationj to boreholes near the WIPP site.
7an-didate drill holes will be selected From:

a industry holes near the WIPP site,

b previously drilled WIPP holes,

o new drill holes, tf necessary.



Holes within the WIPP site will not be used in the testing program.
Extension of the test program to long-term issues will Froceed as the program

avolves and is discussed in each subsection.

The thrust of the program wrll be to form a suitable mix of calculational
modeling based on site-specific data, laboratory testing of appropriate grouts
leading to a plug design, supportlve ipstrumentation development, and plug
emplacement field testing and erperiments utilizing available technigues to
provide a credible data base to support the borehole plugging technology.

These concepts are expanded in the following sections.

C.1. Environment Definition

Determination of the plug environment will be required to permit
developgment of the plug design models and realistlc conseguence analysis
scenarios. Site specific data must be obtained as the first step in this

process, and the various items of interest include:

Hole conditions - This requires characterizatlon and doccumentation of wail

surface conditions, and the degree and extent of disturbance caused by

drilling or stress relief. These data will be provided by extensive

logging of potential holes. It will be sufficient to utilize

state-of~the~art logging techniques to make a satisfactory assessment. i
Any special hole treatment or preparation nec2ssary before plug

emplacement will depend on this evaluation and become a part of the

plugging quality assurance procedures.

Host Rock Properties - The host rock alsc will be characterized in terms
of permeability, thermo/mechanical properties, and geochemical

properties. 1In addition, it may be desitable to develop techniques to
determine the local in situ stress state so that plug emplacement will nct
hydrofracture the borehole wall. Well bore core samples will be gathered

whenever needed.

-]2-



R supporting experiment is:

Media Quantification Experiment - a dedicated area in a potash mine

where facilities will be provided for investigations including the
determination of in-situ permeability, local stress states, and
chemical and thermal reactions between the media and the plug. These
parameters can be investigated over a larger range not pogsible in a
well bore. The resulting data will be used to calibrate and judge the
adequacy of similar data obtained from borehales.

C.l.1. Media Quantification Experiment (MQE)

Objectives:

To evaluate piug/media interastions not practical in deep vertircal

boreholes

Test Bed:
A dedicated location in existing mine workings.

Rationale:
Determination of media properties within a borehols is inherently more
difficult than in a dedicated region in a mine, and this experiment i
r2quired to support, supplement and calibrate those efforts which
cannot be carried sut within the borehola.

Discussion:
Rnowledge of media parameters is an “nportant facet in intecpreting
borehole test resultsS. 1In many cases, sufficient data may not be
obtainable from deep boreholes. Some anticipated studies in the mine
include media permeability in situ, calibration of developmental
ipstrumentation, in situ Stress measurements, definition of fracture
region and healing around boreholes, and depth to surface Eluid and
gas migrztion paths and rates. Sandia is currently negotiating for a
dedicated experiment area in a mine to conduct WIPP related investija-
tions and space within this area would be available for the MQE.
Sandia has also developed a permeabillty program in support of the
WIPP which will provide helpful data to be integrated inta tha BHP
program.

Schedule:
Scme Impact. A dedicated area is in the negotiation stage and
impiementation of the in-mine experiments ace contingent on tha

outcome of these negotiations.
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£.2. Materials

The materials portion of the Borehole Plugging Program encompasses both

short- and long-tecm aspe=ts of materials research. This involves bath

laboratory and supporting field efforts for the near term and an initial

laboratory develomment effort for the lonq term. These aspects are:

2 Short Term: Current Technology

Grout develomment and analysis of plug/host rack properties
Industrial assistance

Plug design

o Long Terir: Advanced Technology

Geochemical program

Alternate materials

Short Term: Current Technology
Grout Develooment and Plug/Host Rock Properties

For the short-term goals, these items are being addressesd specifi-
cally by the Waterways Bxperiment Station [WES) at Vicksburg, MI,
under Sandia sponsorship {(Gulick 1978), Specific tasks demanded
by the BHP program will be phased into the ongoing research
program as required by the field-test pragram. Additional support
from other laboratories will be requested through ONWI as
necessary, The following list of tasks is underway or planned in
the WES program along with the supportive field efforts:

(a) Continued evaluation of all candidate grout specimens which
are included in long-term exposure tests, samples of
lab-develoment mixtures and field samples, as weli as cores
Erom ERDA #10 field plugging operation, Nondestructive
testing methods such as measureent of weight change, scnic
velocity, and dynamic modulus of elasticity are the prime
techniques 1n these evaluations.

{b

Testing and evaluation of cements, pozzalans, (flyash),
expansive addjtives and admixtures to dctermine properties and

improve grout miviures.

s

Permeability studies of grout samples, particularly grout/rock

interfaces.

-14-
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(e

43

(£}

)

Investigation of chemical, mineralogical and microstructural
characteristics of reaction zone betwecn cement plug and wall
cock .

Analysis of volume and length changes of grout specimens both
in the long-term exposure studies and at carly age under
pressures and temperatures simulating down hole plug

condi tions.

Feasibility investigation for developing accelerated aging
technigues by curing specimens at elevated temperatures ang/or
pressures,

Studies of the densification of grouts under pressures and

tomperatures comparable to the expected field conditions.

(h) Decerminations of thermal properties of cement grouts

including conductivity and expansion.

The pragram will be oondueted with appropriate guality controls ..J

w1L1 be respansive to the general quality assurance program.

The supporting and parallel associated field effort will:

(3} Obtain samples of materials and grout mixtures used for field

(x

{1

(m

{n

)

)
)

tests. When possible, obtain samples of grouts during pumping.
Perform tests on materials and proposed grout mixtures using
actual cements from cementing contractocr's curcent stocks in
the £ield lab at the site.

Obtain oogres of plugs and plug/rock interfaces as required.
Prepare spacimens for shigment to th2 lab for additional
testing and inclusion in the long-term exposure and
mineralogic/thermodynamic studies,

Implement an effective and practical guality control and
quality assucance program Eor the laboratory testing and

supervision of the field cementing operations.
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Industrial Assistance

The need for a cementing indusitry representative, knowledgeable ahout
available materials, emplacement techniques, and industry capabilities
will be evaluated. Clearly, having a representative with hands-on
knowledge available as a consultant could preclude possible false
Stackts with the field effart and provide assistance in the development

of quality contral procedures.

Plug Design
Plug design capability will be developed as a part of the materials

program, with the short-term goal of selecting suitable cementitious
plug mixes, performiag calculational analysis of candidate designs
using matertal and well beore in situ properties, and camparing
performance to the consequence assessment plug criteria, As this
design capability develops, expansion to consideration of the
long-term geochemical suitability of cementitious materials and

identification of alternate plug materials and designs will occur.

C.2.2. Long Term: Advanced Technology

1. Geochemical Prgram

Tor the long-term goals of estahlishing cementitious material
suitability, the develomment of a {ormal geochemical program will
be required. While the capabilcy to determine the suitability and
stability of cementitious materials over geological time periods
may theoretically now exist, an organized, well-defined program is
not available, Estimates of the time to establish a viable
program are one to two years, with actual results Following this.
Henge, this capability is considered a long-term goal which can be
started now but will not provide answers during the current field

test series.
Some representative initial tasks envisioned in the grout Suitability

portion of the program are listed below. B3imilar studies relating to

natural material candidates will be defined as the program evolves.

=16~



(a) Grout Mineral Phase Analysis

Identify minerals present in grouts by optical examination of 30
thin sections by a petrographic microscope and x-ray diffraction.
Identify zones of chemical reactions taking place during curing,

Mapping of selected samples for microprobe quantitative analysis.

{b) Grout Microprobe Analysis

Identification and quantitative chemical analysis of cemant

components for characterization of phases which have and have not
reached chemical equilibrium during curing. Depiction of “Erazen"
reactinn zones and chemical analysis at 70 A resolution to enabls
fornutation of possible future reactions involving phases .n grout

and host rock.

(=) Grout and/or Host Rock Thermodynamic Aralysis

Calorimetry performed on phases for which basic thermodynamic

functions ( 3,, 5., H,) are not known, $o that numerical

assessment may be made of reaction potential involving phases -
grouts and host rocks, catalyzed by brines.

(d) Grout/Host Rock Reaction Product Analysis

Identificatlion of phases likely to form as a result of postulated
reactions involving phases in grout and host rock. Further
identification of reaction products likely to have undesirable
properties in a grout plug {lower molar volume than ceactants,
higher permeability, greater solubility in most probable brine

solutions, etc.).

The geochemical program will be carried out under the auspices of ONWI
with coordination and design support provided by Sandia, Waterways Experiment

Station (WES}, and other laboratories as appropriate.
2. Altecnate Materials

The use of non-cementitious materials as well hore plug and/or filter

material is necessarily deferred as a future goal of the BHP program
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since a formalized technology in this field does not exist. The use
»f natural material as plugs may in the long-term mitigate the
"geologic time" suitability ohjection to grouts, but the technology to
enplace these materials has nut been demonstrated. More
appropriately, perhaps, natural materials could be used as filtecrs or
adsorbers of radionuclides if their intcoduction to the well bore
occurred. The ultimate evolution of the plug design could be a
composite of cementitious materials as fiuid barriers and natural
materials as radionuclide barriers, thus praoviding a multi-media,

multi-barrier path t.. “he biocphere,

Thn alternate materials pragram is anot fully developed at this time
and will be expanded within the ONWI Generic Borehole Program.
Provisian to incorporate a amall-scale field test of possihle
alternate material candidates is included in the Field Test Program as
the Salt Plug Experiment (SPE), and a modest effort to support the

Field Test Program will be conducted by 3andia.

C.3, Instrumentation

The Fundamental purpose of the instrumentation program is to provide the
capability to acquire the laboratory and field test data. Preliminary
analysis of instrumentation needs and availability js described in the

following sections.

C.3,1 Short-Term Needs

Near-term needs, hy definition, will utilize so-called "off-the~shelf"
instruments; those which are available with "current technoloegy.” This, of
course, does not preclude a measure of adaptation to the constraints of the
particulac BHP test. Tn fact, nearly all proposed instruments will demand
some modification in thelr specific applications. However, for the near-term,

such redesign will be modest. The envisioned applications are described below:

1. Environment. The characterization of borehole conditions and the

quantification of the surrounding media will generally utilize

~18-



standard well-logqing apparatus. However, in two important areas of
concern, a development effort 1S underway to provide suitable

Lnstrurentation as follows:

2. In Sity Stress - The modification of the lacal stress field by the
driliing and subsequent relaxation of the borehole needs to be
donannyned.  Through nedeling, an approximatiarn of the €racturing
and i1ncreasad permeability raused by the stress relief zan be
yreerteined.  Then, upon emplacement of the plug, any rfestoration
2f the stress field and the consequent healing of the fractures
may require monitoring. Sandia is developing nxtensometers and
borehsle stress gages which may be acceptable for these purposes.
These may be placed either in the main bnrehole or in nearby

Satetiite holes.

. Frazcture Delineation - In this case, a refinement of logging tuaols
used by the oil and gas industry to determine the Fracture content
of the hout rock is nerded. Acoustic techniques may prove

valuable in this contexk.

Plyg Assess.:ent. As noted above, the principal focus of the BHP
Instrumentatior Program will We to obtain data to certify the
tntegrity and oerformance of actual emplaced plugs. The neat-term
eff ort will be keyed to the three field tests planned for FY79 and
FY80.

The basic objectives of these tests, heyond gaining field experience
in the mechanics of hole preparation and plug emplacement, is to
evaluate the quality of the plug. Thus the first demand on the
instrumentation is to answer when, where, and how much £luid
penetration occurs. The second question is why, and this entails a
more sophisticated anailysis, probably culminpating in plug removal by

coring.

-19-



Cutrent tnstrumentation technigues under consideration are:

a. Warer [Leyel Indicatar (in clear hola ahnve plug)

b, Electrical Conductivity Probe (of fluid above plug)

<. Electrical Resistivity Probe (of plug and host rock

d. Tracer Detection (gaseous and/or radinactive)

w. Prassure and Temperature {PT} Monitoring {natural or man-maie
£0ur ens)

. Acoustir Probe {impedance mismatch)

3. Inductance Probe {of plug and host rock’

Table T1 shows rhe estimated time scale Eor significant events in the

devolomment of the instrumentation listed under Section B.

TABLE TI

Near~Term Instrumentation Availability

Design
Item Phase Fabrication Lab Check Fielding
a. Water Level 10/78 12/78 2/79 4/79
b. Fluid Conductivity 10,78 12/78 2779 a/79
c. Plug Resistivity 9/78 10/78 12778 3/79
dl. Tracer {(gas) 10/78 12/78 2/79 4/79
d2. Tracer (RA/gas) 3/79 6/79 9/79 12/73
Space resolved
e. PT Monitor 12/78 2779 3779 4779
£, Acoustic Probe /79 6/79 6/79 12/79
g. TInduction Probe 12/78 2/79 4/79 s/79

A few points are worth noting. Items a, b, ¢, dl and e will be ready for
incorporation into the field test plugs described elsewhere in this program
document. Items d2 and £ will probably be developed by subcontractors to
SLA. The space resolved tracer detection system referred to in d2 involves in
concept a detector able to pinpoint tracer gas leakage paths on a
Eractional-inch scale rather than bulk volume samplling as in dl. This system
is not available now but the tracer gas canister associated with d2 can be
emplaced on ¢l dl schedule. The space resolving sensing system is intended
for later development. Thus, bulk volume tracer gas detection can be included
in the three scheduled field tests.
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Laboratory. while the major thrust of the instrumentation effort
1avolves [1eld activities, more specifically quantification of the
plug and its envirans, attention must be paid tn ancillacy
Activitie:. Tne !aboratory assessment of randidate plug material
pecformance wiil generally utilize standard apparatus such as

snyversal tecting machines. One exception to this is:

{3} Test Cely Facility
Large Yolune High Pressure Test Cell - A cylindrical chamber wi!l
he idontified {or designed} to aceept large (0,5 m diam x (.0 =
lang) rock core samples. The permeability under radial stress of
protatype plugs may be tested in such an acrangement. Interface
and host-rock fracture conditinons are also accessible o test,

Devalopment of this facility is essential for evaluating bench

scaje samples and initial design will commence in FY79.

Miscellaneous Concerns. This category includes the following items:

3. Power supplies (possibly remote)

b. <Cabling (including gas/fluid blocking)

©. Recording {possibly unattended)

d. Packaging {against the down-hole environment)
e, Installation {drill stem, wire line, etc.}

€. Calibration, Quality Assurance and Life Testing

With regard to these concerns, the following comments are pertlnent:

a. Remote power supplies will not be needed until Table II, items d2,
and [ are fialded and should be integrateq into theit design.

b. cCabling capable of withstanding the downhole environment will be
emplaced whenever necessary. This type cable is available and
routinely used in the oll and gas industry for short in-well bore
times such as during logging operations but not for long-term
emplacement as is necessary in the planned Eield tests. Once
specific experiment requirements are defined, the cable must be
ordered since this is a six-month lead time item.

c. TRecording facilities that permit unattended ope-ation are in hand.
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C.3.2,

d. Packaging requirements are an inherent part of the design of any
deanhoie itnstrimont or fsensor. Sandia will crilize experionce
gained 1n harsh environments in other projects Such as the i(n s:tu
fossll fuel extraction programs and at the Nevada Test Site.

2. Inttallation will entail close cooperation and coordination with
the contract drillers and with the appropriate fielding
nrganizations at 5andia.

f£. Calibratiosn of the sensor elements will proceed according to
nstabliched laboratory practice. Life~testing will be approached
via magnifications of the anticipated environment. While the DA
requirementz have not been completely iden+ified, all Sandia
lahoratory instriument calibrations are traceable ultimately to
National Bureau of Standards (NBS), and proper records will be

maintained,

Long-Term Needs

Long-term instrumentation develapment will be addres:sed ais requilements

are defined and schedules became firm.

c.4.

Field Test Matrix

The field program consists of three basic well-bore field tests:

o

Bell Canyon Test (BCT) - A minimum length plug placed to isolate brinz

water in lower strata {Bell Canyon) formations from the WIPP
repository horizon. Existing desp holes near the WIPP site that will
be plugged before final decommissioning of the WIPP provide the
impetus for conducting this test.

Shallow Hole Test (SHT) - A test to assess the ability of plugs to
prevent water flow fram water bearing strata above the repository to
the salt level. This test will be performed in conjunction with
nearby mine workings.

Diagnostic Test Hole (DTH) ~ A new drill hole through the upper water
bearing formations designed to allow detalled diagnosis of individual

plugs in a single well bore by using an open central casing which

permits instrumentation access over the frll strata range.
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.4, Current Technology Well Bore Tests

A rhroeussion of the tentative plan for this series as well as some

apporeing experiments follows:

Rri  Canyon Test (BCT)

Chancrives:

33 properties of an existing BHP

condition ol borehnie walls and peripheral region permeability

’ Deannskrate capabiiity for working :n existing industry-like holes
Tvaluat2 :sotation between Batl Canyon water sow ces and svaporite

L yyers

A0 existong hole which penetrates into the Bell Cany»n formation,
=a2iected from candidate List. (Figure 1)

Rationale:
Congxruction of a minimum leagth cement dlug which can withstand the
approximately 2000 psi hydrostatic pressure level present in the Bell
Zanyon Foriration essentially assUres that, at least in the short term,

ent pluys can be emplaced to hnld off high-pressure hydrostatirz

Aeads. Thus, the isolation of the upper aquifers with head
d1fferentlials of approximately 200 feet (approximately 90 psi) is
©as:ly within the current cement technology capability. This plug
will serve a dual purpose; it is designed to provide a treal=-time
seal, thus providing data on its mechanical plugging capability; it
will sinultanecusly allow confirmation of planned seepage around or
through the plug, thereby providing migration rate data for the
nnderlying brine and tracer gases.

Discussion:
This test constitutes a worst case scenario for WIPP in terms of a
hostile plug enviromment (approximately 2000 psi on plug at depth),
risk to the WIPP Horizon in terms of possible dissolutioning, and
demonstrates techniques for working at depths on the order of 4000°'.
Coring any existing plug may permit laboratory analysis of bond
strengti, permeability of plug, nature of bond and transition region,

aging of plug in situ, and may lead to conclusions as to the adequacy
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BELL CANYOM TEST {BCT):
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of the technology base when the plug was poured. Emplacing of the
reopiugs wili utilize state-of-the-art technology and provide for
active instrumentation to monjtor the plug performance in real time.
Successive plug removal and replugging operations provide the
opportunity to certify new plug design technology, to remove 2xisting
instrumentation penetrations, if required, and provides for permanent
plugging and abandonment.

The initial plug will be designed to be of minimun leangth capabie of
withstanding the existing pressure differential. Design will requice
assumptions and testing of bond shear strength, permeability of tinw
paths at “he plug location and calculations of migration times [or
comparison to observed times. There Wwill be a seepage rate either
argund or throagh the plug which is a requirement far a successfu!
experiment. The arrival time of the seepage will detaermine whe!her
the assumptions are acceptable For a permanent installation: carly
arrival indicating that the leak paths were not adequately
characterized; late arrival indicating the initial assumptions wer:a

conser vative,

Planned hardwire instrumentation iacludes:

1. Monitoring of liquid level at plug top.

2. Monitoring of liquid conductivity at plug top to determine source
of flow, i.e., sither from upper agquifers or from Beli Canyon £low
around plug.

3. Tracer Jas release at timed intervals below plug will be detectsd

at plug top for determination of migration rates.

There is an inherent risk in an experiment of this type in that the
design is deliberately selected ko be the minimum reguiced to
accomplish the objective. Clearly, when overdesigns are permitted,
success of the pluj is assured in the short term as evidenced by oil
field practices. However, in this tesk, the goal is to predict the
minimum acceptable plug length, install this plug, and monitor the
seepage results for comparison to predictions. Due to the deliherats

marginal safe design eriteria, emplscement and casing difficulties ace
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anticipated 1n the efforts and may have to b# repeated. This 15 part
af the %est and should not be construed as a failure., Follow-on tests
within the well bore will allow for changes of var:iables (i.e., plug
length, material, etc.}) to permit evaluation in conjunction with the

WIPP permeability program of design icolation capability.

Schedule Impact:

Minimal schoduie impacts - nend to Seleet and acguire borahoi=,
prepare instrumentation and install. Projected time required 6-3

months [rom approval to First plug installation.

Information Anticipated:

o

2 O Q

)

Well hore preparation and analysis

Plug emplacement technigue

Quality assurance procedure analysis

EXisting plug integrity assessnent

Analysis of borenole and peripheral region permeability
Assess plug and formation composite competeace

Provide samples for laboratnry analysis For long-term stability

Conclusions Anticipated:

Successful stemming of the high pressure reglon will:

o

o

Permit updating and validation of modeling capability

Assess the suitability of cement plugs tor withstanding high pressure
source flows in the short term

Permit evaluation of the surgical-like plug emplacement techniques

tequired.
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Shallow Hole Test {SHT)
Objectives:

2 Assess eflectiveness of oveclying aquifer isolation

[ Provide plug/rock samples at salt horizon

- Provide a test bed with acces: abnve and below the plug

Tes: Bed:
Existing or new hole into the Salade penetrating a mine working
(Figqurn 2}

#arionale:
An eqaluation of the effectiveness of cement plugs in isolation Eluid
fimw wiil be obtained fram the Bell Canyon Test. Ustng these results,
>wikmer that the overlying aquifers in the WIPP strata can be
:eataned ane Erom the other and also from the salt strata will be the
15a)3 of this expariment,
Detailed exparimental design is being deferred pending analysis of
exysting 2lugs. The outcome of thece rasalks will be used to
detecmine whether or not the Shaliow Hole Test should be conducted or

combinad with the Diagnostic Test Hole.

2rocedure Qutline:

{Phasa I)
1y Selrct or driil nole typical of potash exploration
2) Iaspect and dragnose borehole wall condition and peripheral region

permeabiiity

3) Pplug hole with appropriate material and emplace tracecs
4} Empiace upper instrumentation

{Phase II)

3i Advance mine to pottom of borehole (perhaps at various lavels)

6} Collect lab samples
7} Emplace tracer gas injection equipment and instrumentatlon
B} Tracer pressurize plug bottam
3} Monitor upward or downward flow migration

Discussiont
Ut:lizing a potash exploration hole provides the opportunity to gain

agcess to the borehole bottom Eor additional testing, This borehole
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will be drilled, instrumented, plugged, and monitored for [low
communication during Phase T. Ouring Phase TI, {6-12 months] access
to the plug bottam will be achieved by mining to the plug region where
coring and active testing such as tracer gas injection of the plug &nd
native undisturbed media can be done. Laboratory analysis of the plidg
integrity will be accomplished during this phase. Replugging can be
done during this phase if required. As an adjunct, already
mined-through existing potash exploration holes can be used to develop
tracer pressurization techniques and quantify the technology utilized

when these plugs were poured.

A decision on whether to conduct the 5hallow Hole Test will be made
when the preliminary results of the Bell Canyoh Test are obtained.
Clearly, if the BCT is successful in withstanding the high-pressuare
head, proof at the lower pressure heads associated with the upper
2guifers is redundant. Additionally, this test permits access only ab
the top and bottom ({salt} strata, with no intermediate strata access.
It may be desirable to conduct the Diagnostic Test Hole {DTH) in li=u
of the SHT, modified as necessary to achieve the objectives of both

experiments.

Schedule:

Significant Impact. Acquisition of suitable holes will be dependen:
on Mmine operators acceptance of experiment and agreement to
cooperate. Phase IT will be tied to mining schedule, and timing of
access to plug bottom may be unpredictable. (Cost and contract

problems are anticipated.

Information Anticipated:

2 0 2 0 o

Evaluation of emplacement technique

Quality assurance procedure analysis

Analysis of plug and peripheral region permeabillity

Assess component plug and upper formation competence

Provide samples for laboratory analys:s of long-term effect between

plug and host rock




Diagnostic Test Hole (DTH)

Objectives:

[+ Provide a full length sample of plug/rock interfaces in upper
formations

[} Provide a test bed for continucus monitoring of in situ plug
performance

Test Bed:
All Supra-Salado rocks (Figure 3)

Rationale:

Whereas the SHT provides access at the top and bottom only of the
well-bore, this test permits access at all strata levels, thus
providing a more comprehensive test bed facility. The cdesign of such
a test is more complicated than the SHT and requires more preparation
time, hut the potential data return is much greater. The lack of an
adequate capahbility to conduct the overcoring opecration may preclude

the initial plug installation.

Procedure Outline:

{Phase I)

1) Drill nominal 8" diameter borehole to Salado

2) Inspect and quantify well bore

3) Emplace tracers and instrumentation as appropriate

4) Plug hole with best technique and monitor

(Phase 1I)

1} Overcore plug to 24"-36" diameter

2) Recover samples for laboratory analysis

3) Install new plug with open internal casing

4) Utilize open casing to -“onduct on-qoing plug/peripheral testing at
various levels

Discussion:

This test will provide flexibility within the test program to conduct
sample removal, tracer injection, and active monitoring at any
selected location in the borehole. The initial phase of this test
seguence is to emplace a plug in a new drill hole (8"} which reaches
into the top of the Salado. After sufflcient time for curing and

stability, the entire plug would be overcored at a hominal 24", The
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large plug/rock sample could then be used for laboratory analysis.

The sSecond phase would consist of an appropriate plug in the 24"
diameter hole. This plug would also contain a centralized casing (8")
which would allow instrumentation access. Future activities would
consist of penetration, tracer injection, pressurization, and

instrumentation at selected locations.

The capability to overcore an existing fnll-length plug may not exish
or may be prohibitively expensive, in which case the initial phase may
he deleted and a single 24" - 36" cased hole drilled instead. The
experimental impact is the non-availability of the full-length plug,
which may be significant. A final decison as to the trade-oftfs

invo! -4 in the SHT and DTH will be made at a later date.

Schedule impact:

Most signlficant. Complexity of drilling a new hole and plugging
entails considerable cost. Second-phase actfvities may stress the
current over-covering state-of-the-art and add considerably to overall

expense.

Information Anticipated:

o

]

e}

Well~-bore characterization and data on emplacement technigues

In situ coring and stabilization of emplaced plug

Provides samples for extensive laboratory analysis of plug, interface
and surrounding rock

Testing and analysis of interactions at any level within plugged
region can be conducted over long-term (approximately 20 years)

periods.
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<.4.2. Potential Technology; In-Mine Tests
The program described thus far relies on current technology to acconplish

the BHP gnais. This approach, although likely to he sufficient, is not
meant to preclude developing alternate technologies., For this lang-ierm

program, consideration will be given to the following specific elements:

L=} Alternate Plug Materials.
The ultimate Objective in the BHP 1s to identify, test, and qualify

appropriate material for use in plugging well bores. Cementitidus
meierial may meet all the requirements, bhut alternative appraaches
snould be investigated also. Thus the objective of the alternate plag
matertal develomment is to:

2, Tdentify suitable non-cementitious matecial fFor use as plug

materials.

a. Enconrage the design of multilayer, multipurpose plug de°sigas to

provide a multibarrier egress path.
©. Ucilize materials which may behave in identical fashion to the

sucrounding media and provide additional confidence in long-term

plugging.

e Advanced Instrumentation.

Instrunentation development is recognized as a necessary part of fieid
testing, and pcovision for advanced techniques is included in the

program to permit development as reguired.

To provide for develommental efforts in support of long-term progcams, two

fieid environment tests are included.

n Salt Plug Experiment (SPE) ~ This experiment is designed to provide

for in situ testing of alternate matacials for patential application
to JHP. Technigques for emplacing and evaluating these materials will
be emphasized both in the field and laboratory programs.

) Advanced Instrumentation Development (AID] - Space will be provided
within the in situ mine environment to permit teitting and development

of advanced instrumentation cystems for possible fubture application to

the long-term monitoring of bore hole integcity.
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A discussion of the tentative plan for these two program elements fol.ows:

Salt Plug Experiment (SPE)

ob!'ect.lves:
o Provide for testing and emplacing of alternate native-like plug

materials in salt formations

o Enhance development of long-term alternates o cements

Test Bed:
h dedicated location in an existlng mine workings

PRationale:
The development of alternate plugging materials and emplacement
techniques is a long-term goal of the BHP. This experiment provides
the initial opportunity to develop this capability with anticipated
extension to a later time well bore plugging test.

Discussion:
These tests will provide for evaluation of technigues for alternate
plug materials, in the event a need for such methods is desirable for
specific formations in the long-term. Recognizing that native
material may represent a viable solution to the effects of man-made
penetrations and that the salt horizon provides the most protection
from the standpoint of repository integrity, it is prudent to
establish a program to specifically address plugging salt penetrations
with salt. 1If in fact suitable techniques for emplacing salt or
salt-like grouts can be developed which provide adequate isolation,
then it can be concluded that the man-made penetrations in the salt
are oot weak links in the repository integrity. BExisting laboratory
analysis (Martin, 1975} indicates that such techniquez may be
available on a laboratory basis, and this experiment will provide for
development and testing in situ. It represents a Eirst step in the
field for addressing a long~term vital alternative in the borehole
plugging program.

Information Anticipated:

o Salt plug emplacement technique development

o Testing and analysis of in situ salt plugs

o Laboratory salt plug samples for Ffurther testing

Schedule:
Comments 1n MQE schedule apply.
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2. Advanced Instrumentation Development (AID)
Objectives:

o Provide capability for evaluating advanced instrumentation

Test Bed:
& dedicated location in an existing mine workings

Rationale:
This test will be conducted in conjunction with other ongoing in-mine
experiments on a not-to-interfere basis, to provide an in situ test
bed for developing instrumentation systems.

Discussion:
This experiment provides the opportunity to test and evaluate advanced
instrumentation equipment and assoc/“;ated sensors.

information Anticipated:

a Por formance af advanced systems in in-situ conditions
o Field experience wit‘ﬁ--guch systems
Schedule:

Comments in MQE schedule apply.

D. Summar

The BHP Program described herein i{s designed to address in a reasonable
and scientific manner the concerns associated with this subject in the past,
with the intent of establishing a guantitative data base on borehole plugging
techniques. To accomplish this goal, the tests and experiments described
atkempt to provide a mix of borehole (with limited access) and in-mine {(with
relatively unlimited access}) enviromments in which assessment of the various
issues involved can be undertaken. The end result of the program should lead
ro a better understanding of which issues are significant and which are not,
thereby, permitting emplacement of plugs that satisfy the criteria developed
in the program.

The Bell Canyon Test provides the opportunity to instrument and analyze a
plug in a high pressure region. The Shallow Hole Test permits application of
best techniques for plugging and then access to both the top and bottam of the
plug for further analysis., The Diagnostic Test Hole permits recovery of bench
scala size samples for analysis and establishes an in-borehole laboratory in
which to conduct testing and analysis in all strata fram the surface into the
salt horizon. The additional in mine experiments provide the opportunity to
investigate in more detail specific effects on plugs in the salt region and
allows evaluation of instrumentation systems.
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The logic dlagram of Fiqure 4 15 designed to reflect the overall goals and
interconnections of the various aspects of the borehole plugging program,
Site specific data permits pilug design modeling and consequence analysis.
Following this, laboratory testing and refinements lead eventually tao field
tests and in situ data recovery. Successful short-term results expand through
gnochemical techniques to evaluate the long-tarm resuits. Finally, when both
short- and long-term tests have been ocompleted, a sultable plug design is

nvolved, leading to tae final result that repository isolation can be achieved.

VI. QUALITY ASSURANCE

A quality assurance program [or the WIPP borehole plugging effort will he
developed by Sandia Laboratories. This plan will be based on applicahle
Cederal regulations for nuclear installations. Effort will be devoted to
categorization of activities so that the appropriate structure and format is
applied to programn elements based on their respective impact on public
safety. As requirements specific to waste repositorles are developed, hhey
will be incorporated into the Quality Assurance Plan.

The borehole pluiging phase of the WIPP progran will have a unique
relation with respect to quality assurance interface. Although the basic plan
will be developed by Sandia, this plan must be compatible ard integrated into
botih the general WIPP quality assurance plan developed by the WIPP project
office/DOE and the ONWI quality assurance plan. A significant initial effort
on the coordination of these actlvities will be necessary to expedite the
implementation of the QA plan and to minimize any deleterious impact on the
technical program. A proposed framework fram which to build an acceptable QA

Program is shown in Figure 5.
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PROPOSED WIPP AOREHGLE PLUGGING QUALITY ASSURANCE QRGANTZATION

To insuce that the work done in this program will satisfy regqulatory
qtandards with regard to nuclear facilities (i tequired, a Quality Ascsurance
Program will he initiated, This program must b2 compatible with the DA plans
nf both the WIPP Project Qffice (DOE/WPO) and ONWI. To accamplish thig,
Fandia will assume respinzibility for vre devslopment of the pian uwtilizing
Sandi a-selectrd personnel working under the gquidelines set farth hy DOE/WPO
and any regulatory requicements. Transler of the devejaped plan will he made
to ONW[ for integration into the Generic Borenole Plugging Program and DOE/WPO
nr integration into the operating centractor's program for W1PP,

The averall responsihbility for the YIPP BHP QA PLAN will be retained by
Sandia. During k% develomment of the pian, interagency liaison will be

maintained with al! waste management orqanizations for appropriata inputs.

RECULATORY

REQUIREMENRTS

DOE/WPO HWESTIRGHUUSE

t 1

Completed Coordination
Flan
\
GENERIC
ONWT Tl mue
Figure 5
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VIII Reports

Reports will be provided in accordance with the Uniform Contractor

Reporting System (UCRS} as follows:
Program Plan
1. Logic Network

Level 3 WBS {Subtask Level)
2. Work Breakdown Structure Dictionary

Level 1 WBS (Subtask Level)
3. Hilestone Log and Milestone Schedule Plan

4. Cost Plan
Level 2 WBS (Task Level)

5. Manpower Plan
Level 2 WBS {Task Level)

Technical Progress Reports

1. Quacterly
2. ‘Topical

Monthly Status Report

1. Contract Management Summary Report
2. Project Status Report
3. Cout Management Report
A. Level 2 WBS (Task Level}
B. Cost Element
4. Milestone Schedule and Status Report
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