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WIPP BOREHOLE PLUGGING PROGRAM DESCRIPTION 

I . Genera l Discuss ion 

Decommissioning of was t s r e p o s i t o r i e s w i l l r e q u i r e reasonab le a s su rance 
t ha t p u b l i c h e a l t h and s a f e t y w i l l not be a f f ec t ed dur ing or subsequent t o 
such a c t i o n ? . I n h e r e n t l y t h i s impl ies t h a t t he emplaced wastes w i l l not bo 
expected t o reach the b io sphe re , given r e a l i s t i c and r a t i o n a l r e l e a s e 
s c e n a r i o s , in q u a n t i t i e s t h a t r e p r e s e n t a hea l th hazard t o the human 
p o p u l a t i o n . To expect a b s o l u t e assurance t h a t no r a d i o a c t i v i t y w i l l ever 
reach the b iosphere i s unreasonable ; t o expect t h a t a l l reasonable p recau t ion . . 
w i n be taken t o minimize t he r e l e a s e t o accepted safe Levels should t>? a 
requirement for decommissioning of t he r e p o s i t i o r y . The borehole plugging 
program he re in desc r ibed i s one face t at the l a t t e r requi rement . 

P reven t ing r e l e a s e of waste r a d i o n u c l i d e s v ia man-made p e n e t r a t i o n s i s th* 
b a s i c premise for the borehole plugging program which, in t o r n , r e q u i r e s that 
f l u i d migra t ion i n t o and out of t he r e p o s i t o r y be minimized and c o n t r o l l e d . 
Thus the o v e r a l l e f f o r t i s d i r e c t e d a t the unders tanding and con t ro l of Q u i d 
c i r c u l a t i o n near the plug- The requi rements for a success fu l s o l u t i o n involve-
the fo l lowing c o n s i d e r a t i o n s : 

For a man-made p e n e t r a t i o n i n t o a r e p o s i t o r y format ion , what i s the 
p o t e n t i a l for and consequence of waste eg re s s via t h i s pathway; in what 
manner does the p e n e t r a t i o n compromise t he i n t e g r i t y of the formation an--! 
for what du ra t i on? 

C l e a r l y , t h i s i s a compl ica ted , d i f f i c u l t ques t i on which i s s i t e s p e c i f i c 

and cannot have an a b s o l u t e u n i v e r s a l answer. This program w i l l address th* 

i s s u e s involved for WIPP and a t t empt t o quan t i fy plugging t echn iques t h a t 

p r o t e c t the p u b l i c i n t e r e s t and s a f e t y . 

The s a l i e n t i s s u e s i n the above ques t ion a r e : 

1 . What i s the p o t e n t i a l for e g r e s s ? 
2. Bow i s the formation i n t e g r i t y compromised? 
3. For what d u r a t i o n i s t h e format ion i n t e g r i t y compromised? 
4. What i s the consequence of eg ress? 



The wr:'P BHP Program will attempt to provide answers to each of the above 
issues and will be s i te specific to the proposed southeastern New Mexico 
(SENM) WIPP s i t e . Extrapolation of results to other geologic s t ra ta must be 
done carefuLly and thoughtfully. 

1, The potential for egress depends on many factors. For purposes of the 
BHP program, the assumption ic tha t , in the long terra, some 
radionuclides wilL be in a location { 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 i tself . The issue here then is to address 
techniques for the following: 

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 

determined flow rates . 

2. The effect of a well-bore on formation integri ty represents the major 
thrust of this program since the capability to preclude egress depends 
directly on how closely the formation was restored to i t s undisturbed 
s ta te . The determination of the formation 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 follows: 

A. What are the undisturbed media fluid migration rates an3 pathways? 
B. How do migration rates and paths through and around plugged well 

bores compare to the natural values? 
C. Can the well bore migration rates be made comparable to 01 lees 

than the natural rates, and what is the impact of possible 
unresolvable differences? 



0. What are the consequences to public health and safety for: 
1. natural migration rates? 
2. achievable well bore rates? 

The validity period for the established well-bore rates is a more 
d i t t i cu i t issue. Clearly real-time proof over geologic lifetimes 
cannot be demonstrated, bit geochemical techniques'may be used to 
demonstrate Aorg-term s tab i l i ty of plug materials in a given 
«rsvi ronntcnt and these techniques wilt be uti l ized and expanded in an 
ongoing tfipp program to assess the long-term issues for WIPP and to 
provide a technology basis foe the multi-media, multi-barrier Generic 
Borehole Plugging Program being directed by the Office of Nuclear 
-.•,-ast* 7 sol at i on fONW: ) . 

The consequence of egress to the biosphere must consider the 
time-dependent nature of the nuclides, isiQration time and mechanism to 
and through a well-bore pathway, sorption/desorption mechanisms during 
transport and, f inally, 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, i t is 
sufficient to evaluate whether fluid ingress and subsequent egress 
'inrouyh the well-bore pathway i s easier or more diff icult than through 
the native material pathway on the basis of c r i t e r ia received from the 
WIPP Consequence Analysis Program. There are indications from the 
rfIPP consequence Analysis program that even the worst case of an 
unplugged well bore does not represent a significant impact on the 
public w&ii-being. Further efforts to better quantify this 
consequence will continue concurrently with the BHP program. 



I I . 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 relative to 
natural migration pathways by determining potential effects on public 
health and safety ut i l iz ing consequence analysis and s i t e specific 
data to specify acceptable well bore leakage c r i t e ra . 

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

o 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 instal lat ion procedures as the 
final product for application to the WIPP, including evaluation and 
development of a multi-layered, multi-purpose plug design. 



I I I . Rationale For Plan organization 

The overall plan developed here is the resul t of workshop meetings, 
private comments, published cr i t iques, and the WIPP schedule. A general 
overview of the why's an3 how's leading to the plan is presented here. 

Commencement of WIPP construction may include a requirement chat a BHP 
technology program is underway and that favorable results can be expected tn 
isolate the repository when the future decommissioning date is reached, wii-^ 
construction scheduled to begin early in 1981, resul ts must be obtained in t lie 
short term to support the feas ibi l i ty of isolating the repository. To meeh 
this i n i t i a l requirement, cement-typo materials will be need in the iTmpdi--*re 
program since this technology is already well established and there are ot 
fundamental reasons to suggest that cementitious materials will not be 
adequate for the long term; however, th is is not to preclude the u^e r~ 
alternate materials both for the plug i t se l f or as an intertayered attenuating 
(sorptive) material in the long term. Subsequent development or the program 
will include materials similar to those found in the WIPP strata specif ics- \y t 

including multi-layer, multi-purpose plug designs. 
While the use of natural materials may seem more satisfying in permitting 

restoration oE the media with the least possible discontinuity and w'lile some 
in i t i a l Laboratory results are encouraging (Martin 1975], field demonstration 
techniques have not been adequately developed. Therefore, parallel pa>-hs for 
the long-term analysis of plug materials will be taken, one addcessing the 
identification and use of natural plug materials, their emplacement and 
adequacy, and one addressing the long-terra geochemical s tabi l i ty and 
su i tabi l i ty of grouts. In this way, the long-term s tabi l i ty of grout, if 
demonstrable, would provide a solution or at least a choice of techniques Tor 
the long term. 

Thus, the program development evolves into two basic activity time FcarifM 
(1) short-term efforts, involving current technology, and (2) identification 
and development of long-term efforts involving potential technology. For 
c lar i ty these are arb i t rar i ly defined as follows, recognizing that precise 
time delineations are neither possible nor required. 



Short term: 1-2 years (e.g. , to 1980) real time in which effects valid for 
10-60 years can be predicted. 

Ijong term: 2-30 years (e.g. , to 2000) real time in which i t may be 
po*3Si'jle to predict effects valid for geologic times. 

The- in i t ia l thrust of the program wilL he to exploit the short-term issuer 
with the immediate goal of satisfying WIPP construction schedule requirements, 
and revolving into a definition an'J solution leading to the satisfaction of tne 
long-term issues. 

Ttie primary test beds wilt be well bores, nominally 6-8" m diameter in 
which emplacement and testing techniques will be developed with subsequent 
adaptation to shafts with diameters cr the order of f e i t . A fundamental issue 
to he assessed is the extent of the disturbed 2one in the proximity of the 
well-bore or shaft wall and how this is affected by the technique util ized in 
creating this well bore, i . e . , dr i l l ing, coring, or bLasting, and the 
subsequent effect on appropriate plugging efforts . Specific attention will be 
given to the infLuence of these effects on methods used to construct the WIPP 
ceposi tory. 



IV. ISSUES TO BE ADDRESSED 

"'.• J i r - t t "n :n n nHP program i s the i d e n t i f i c a t i o n of the issue:?, 

••:• : - T . o: pm ?<••:• j--i, which mur.t bo addressed ro assure an adequate borehole 

;-; i-j i >r both t-'!•• r h o r t - and long- term. The program must e v a l u a t e the 
i :rj •' r t : ce of n;ich ir;5;.]r- TO that. • ' l o r i : - and re sources wi l l ho a p p r o p r i a t e l y 
l] .-• i.-.;*.--r:. Tri<; ^e^t iny ;.!ogra.Ti must be d i r e c t e d toward r e s o l v i n g thene 
::•.-;'••: ; herehy e^o*>i iKhi IT? c r e d i b i l i t y within both t he s c i e n t i f i c and lay 
M' ' jnn: t ic", reg-vdi n: (:ho c a p a b i l i t y Tor p rov id ing competent p l u g s . 

"! :-."if:,3-:-,•>:• '.urnniary of p o t e n t i a l l y important issue;; (without c o n s i d e r a t i o n 
-'•' •• : if i v.- . Tpnrtance} . s givvn in Table 1 and r e p r e s e n t s the baGis From 
-.". ". r .V- pru'i; ti'n will develop. Note t ha t the ] a s t i tem, consequence 

r->.' r,: -, '"-riii- orp.jitnr- '-.he realm of the other p h y s i c a l plug c h a r a c t e r i s t i c s 

: •-, • h" I 1 -•» and fiance wi l l be addremed as a s e p a r a t e element in the program. 
;->r'.< :-i t h i s tire a 1= underway t o support the WIPP p r o j e c t , and r e s u l t s 

')!-»•-ai .i"d wil l !-«• u t i l i z e d t o support the RHP program. 
All of these issuer, w i l l be addressed t o a s su re t h a t the phasing of. 

.'••i bora cor y and f i e l d programs i s a p p r o p r i a t e t o suppor t a s chedu le 
-•Mimo.iKjrate wi th WIPP program needs . 

To accomplish the o b j e c t i v e s of the program, s p e c i E i c d e l e g a t i o n oE t a s k s 
mj-.t be done t o insu re a coord ina ted eEfo r t . The gene ra l assignment of t h e s e 
11;~ k 5 13 as ('oil 3ws : 

1. Quantitative Assessment of Current Technology: Formal collection of 
existing technology data will be done by ONWI subcontractors. 

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

3. Materials: Grout rec;pes 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 progran will be 



developed by ONWI wi th f i e l d t e s t bede provided fay Sandia . S p e c i f i c 
plug des ign wi l l be a Sandia e f f o r t wl tb c a l c u l a t i o n s coord ina ted wi th 
any ONWI c o n t r a c t o r s . Grout r e c i p e s an<J plug seepage c r i t e r i a w i l l be 
provided by Sandia . 

5 . I n s t r u m e n t a t i o n : Requirements and development w i l l be accomplished by 
Sand ia . 

6. F i e l d T e s t i n g : Requirements w i l l be provided by Sandia . 
7 . Qua l i ty Assurance: Plan development *nd implementat ion w i l l bo a 

Doint e f f o r t between Sandia and OBWi. 



TABLE I POTENTIALLY SIGNIFICANT ISSUES 

F i e l d A c t i v i t i e s 

Mate r i a l a v a i l a b i l i t y 
Mixing 
Emplacement 

Curing I n t e r a c t i o n s 
Plug P e r m e a b i l i t y 
P e r i p h e r a l Region P e r m e a b i l i t y 
Host Rock P r o p e r t i e s 
Plug/Back i n t e r f a c e i n t e g r i t y 

Bonding 
S t r eng th 
Leakage 

Plug/Rock C o m p a t i b i l i t y 
Thermal 

Expansion 
S t a b i l i t y 
Conduc t iv i t y 

Mechanical 

Modulii ( E l a s t i c ) 
Expans iv i ty 
Unconfined Compressive S t r e n g t h 

Chemical 

Thermodynamic S t a b i l i t y 
Res i s ta r .ee t o E l e c t r o l y t i c Degradat ion 

Geochemical S t a b i l i t y 
A l t e r n a t e M a t e r i a l s 

As plugging f i l l e r s 
As b a r r i e r f i l t e r s , (adsorbers} 

Consequence Ana lys i s 

- 9 -
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V. PROGRAM ELEMENTS 

At our present s t a t e of knowledge, s«v*?rai program elements have been 
i d e n t i f i e d for which a c t i v i t y i s r e q u i r e d . These elements inc lude a c t i v i t i e s 
which are pertinent to both WIPP specific concerns as well as more generic 
studies Cor BIIP. The appropriate responsibLities for sane of these ac t iv i t ies 
will be resolved a:; the WIPP BHP program is integrated into the 0NW1 generic 
program Cor BHP. 

A. Quantitative Assessment of Current Technology 
In addition to surveys and summarization of all per'inent efforts in BHP, 

a concerted effort will be made to quantify and document the related industry 
and DOE eEforts at borehole plugging. These include data from gas storage 
fields, in-situ permeability t e s t s , e tc . Emphasis should be placed on 
determining how effective the methods are and organizing the rtata into a 
presentable form so that i t s applicability to nuclear waste repositories is 
apparent, useful historical data may be gained from plugs which have been 
omplaced 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 s i t e . These holes were 
plugged and subsequently intercepted as mines were developed. Since numerous 
holes are typically required for ore horizon definition, good s t a t i s t i c s may 
be available on plug integrity and plug adequacy provided by the emplacing 
time technology, permitting updating and comparison to now cu rrent cementing 
techniques. Information contained in the "Status Report" on current 
technology presently being prepared for ONWI will be the basis for th is 
program element. 

B. Consequence Assessment 
Development of analytic consequence 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 "adequate" plug. Preliminary 
work in this area for the WIPP specific environment would indicate that an 
absolute 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 

-10-



if-i i t o r ad ionuc l ide c o n c e n t r a t i o n s at p o t e n t i a l d i scha rge po in t s which exceed 
;•••• •••Tit iraxiraure pe rmis s ib l e c o n c e n t r a t i o n s t a n d a r d s . The goal should be t o 
J t i ' i zc? con~equence an . l lys i s to determine a c c e p t a b l e leakage c r i t e r i a and t o 
•i'-v^i >p ^ plug t o meet t h i s c r i t e r i a . Then the added p r o t e c t i o n of the plug 
in p.* •'(••• i i i no :epr>5s:ory j s o i a t i o n cn-jl^ be e v a l u a t e d . 

':n- pj"-.jrj;o v a r i a t i o n on tht- concept of the borehole plug i s t o 
')'• i ',f". •» r r> l y cause i t to be more permeable than the na t ive rock, thus 
;•• :: n.̂ 4 ".q : * to JJC a pa th of l e a s t r e s i s t a n c e t o r a d i o n u c l i d e m i g r a t i o n . Tn 

•-.;-. VA/, i-m<j-t"nr r ad ionuc l ide migra t ion t e s u l c i n g from the p o s s i b l e 
l--~~>Ap'j-:i sunn of r.M™ waste for.^ m a t r i x , would tend to c o n c e n t r a t e in s e l e c t e d 

./•-;; -*->[-..• pathways 1 rom which sampler could be taken and the e f f e c t i v e 
' • • ! !"Ti | .Tii'jrfltiiin p r e d i c t e d . That i s , . speci f ic weLl bores could be des igned 
-•; ;. , '.-i-wn weJk l i n k , .=> fuse as i t were r which would provide e a r l y - t i m e 
..-.ift.n'i .'• p-Disibie impending problems and permit c o r r e c t i v e a c t i o n t o be 
• -ik.-M i.' r equ i r ed . <\ consequence a n a l y s i s model of t h i s s c e n a r i o should be 

: %-.;• ~ in tht* o v e r a l l consequence assessment . Add i t iona l work i n c o r p a r a t i n g 

•!•• .-.)•.-:}: •- al ' i t d i s s o l u t i o n caused by f l u i d i n t r u s i o n w i l l be i n t e g r a t e d 
i iif'j Lhwo assessments . 

Tone I umons from the consequence assessment a t the WIPP s i r e may n o t , 
nov.vor , -X' g e n e r a l l y a p p l i c a b l e t o o ther s i t e s and d i f f e r e n t nod;.a. The 
! ooi [ l y d r o l o g i c environment and nuc l ide mig ra t ion p o t e n t i a l mus': oe 
considered before s imi la r conc lus ions are. made for o ther poter.ti:*'. 
- ':-r>TJ: tor i e s , 

' ; . Test Program 
A general, t e s t i n g program w i l l be implemented based on the i n t e g r a t i o n of 

Me. - : -mi l abora to ry programs. The p r i n c i p a l i n i t i a l a c t i v i t i e s w i l l be 
d i r e c t e d toward de te rmin ing wMch of the i s s u e s in Table I a r e in f a c t 
^'.gn Lr Leant and on the a p p l i c a t i o n of c u r r e n t technology (cement i t ious g r o u t s 
3.i^ convent iona . l /near- term ins t rumen ta t ion ) t o boreholes near the WIPP s i t e . 
?<*ndidate d r i l l holes w i l l be s e l e c t e d f r o m 

a i n d u s t r y ho les near the WIPP s i t e , 

o p rev ious ly d r i l l e d WIPP h o l e s , 
o new d r i l l h o l e s , i£ necessa ry . 

- 1 1 -



Holes within the WIPP si te will not be used in the testing program. 
Extension of the tes t program to long-term issues will proceed a s the program 
evolves and is discussed in each subsection. 

The thrust of the program w?ll be to form a suitable mix of calculations* 
modeling based on si te-specific data, laboratory testing of appropriate grouts 
leading to a plug design, supportive instrumentation development, and plug 
emplacement field testing and experiments ut i l izing available techniques to 
provide a credible data base to support the borehole plugging technology. 

These concepts are expanded in the following sections, 

C.l. Environment Definition 
Determination of the plug environment wilL be required to permit 

development of the plug design models and r ea l i s t i c consequence analysis 
scenarios. Site specific data must be obtained as the f i r s t step in this 
process, and the various items of interest include: 

Hole conditions - This requires characterization and documentation of vial 1 
surface conditions, and the degree and extent of disturbance caused by 
dr i l l ing or stress relief. These data will be provided by extensive 
logging of potential holes. I t will be sufficient to ut i l ize 
state-of-the-art logging techniques to make a satisfactory assessment. 
Any special hole treatment or preparation necessary before plug 
emplacement will depend on this evaluation and become a part of the 
plugging quality assurance procedures. 

Host Rock Properties - The host rock also will be characterized in terms 
of permeability, thermo/mechanical properties, and geochemical 
properties. Tn addition, i t may be desirable to develop techniques to 
determine the local in situ stress s ta te so that plug emplacement will not 
hydrofracture the borehole wall. Well bore core samples will be gathered 
whenever needed. 

-12-



A supporting experiment i s : 
Media Quantification Experiment - a dedicated area in a potash mine 
where fac i l i t i es will be provided for investigations including the 
determination of in-situ permeability. Local stress s t a t e s , and 
chemical ana thermal reactions between the media and the plug. Thene 
parameters can be investigated over a larger range not possible in a 
well bore- The resulting data will he used to calibrate and judg-s trip 
adequacy of similar data obtained from boreholes. 

C . l . l . Media Quantification Experiment (MQE) 
Objectives: 

To evaluate plug/media interactions not practical in deep verttc-*; 
boreholc-s 

Test Bed: 
A dedicated location in existing mine workings. 

Rationale: 
Determination of media properties; within a borehole is inherently more 
difficult than in a dedicated region in a mine, and this experiment i--
roquired to support, supplement and calibrate those efforts which 
cannot be carried out within the borehole. 

Discussion: 
Knowledge of media parameters i s an .nportant facet in interpreting 
borehole test resul ts . In many casts , sufficient data may not be 
obtainable from deep boreholes. Some anticipated studies in the mine 
include media permeability in s i tu , calibration of developmental 
instrumentation, in s i tu stress measurements, definition of fracture 
region and healing around boreholes, and depth to surface Fluid and 
gas migration paths and ra tes . Sandia is currently negotiating for a 
dedicated experiment area in a mine to conduct WIPP related investiga­
tions and space within this area would be available for the MQE. 
Sandia has also developed a permeability program in support of the 
WIPP which will provide helpful data to be integrated into the BHP 
program. 

Schedule: 
Some Impact, ft dedicated area is in the negotiation stage and 
implementation of the irt-mine experiments are contingent on the 
outcome of these negotiations. 



C.2. Materials 

The materials portion of the Borehole Plugging Program encompasses both 
short- and long-term aspects of materials research. This involves both 
laboratory and supporting field efforts for the near term and an in i t ia l 
laboratory development eff01t for the lonq term. These aspects are: 

o Short Term: Current Technology 
Grout development and analysis of plug/host rock properties 
Industrial assistance 
Plug design 

o Long Term: Advanced Technology 
Geochemicai program 
Alternate materials 

C.2.L. Short Term: Current Technology 
1. Grout Development and Plug/Host Rock Properties 

For the short-term goals, these items are being addressed specifi­
cally by the Waterways Experiment Station (WES) at Vicksburg, HI, 
under Sandia sponsorship (Gulick 1978), Specific tasks demanded 
by the 3HP program will be phased into the ongoing research 
program as required by the f ie ld- tes t program. Additional support 
from other laboratories will be requested through ONWI as 
necessary. The following l i s t of tasks is underway or planned in 
the WES program along with the supportive field efforts: 
(a) Continued evaluation of al l candidate grout specimens which 

are included in long-term exposure t e s t s , samples of 
lab-development mixtures and field samples, as well as cores 
from ERDA #10 field plugging operation. Nondestructive 
testing methods such as measureiaent of weight change, sonic 
velocity, and dynamic modulus of e las t ic i ty are the prime 
techniques in these evaluations, 

(b} Testing and evaluation of cements, pozzalans, (flyash}, 
expansive additives and admixtures to determine properties and 
improve grout mixtures. 

(c> Permeability studies of grout samples, particularly grout/rock 
interfaces. 



(dj Investigation of chemical, mineralogical and microstructural 
characterist ics of reaction zone between cement pLug and wall 
rock. 

(e) Analysis of volume and Length changes of grout specimens both 
in the long-term exposure studies and at early age under 
pressures and temf-?raturos si mulating down hoLe plug 
condi tions. 

[!.") Feasibility investigation for developing accelerated aging 
techniques by curing specimens at elevated temperatures and/or 
pressure5;, 

(g) Studies or the densiEication of grouts under pressures and 
temperatures comparable to the expected field conditions. 

(h) Determinations of thermal properties of cement grouts 
including conducti vity and expansion. 

The program will be conducted with appropriate quality controls ._..ij 
will be responsive to the general, quality assurance program. 

The supporting and parallel associated fieLd effort will: 

(jj Obt-iin samples of materials and grout mixtures used for field 
t e s t s . When possible, obtain samples of grouts during pumping, 

(k) perform tests on materials and proposed grout mixtures using 
actual cements from cementing contractor 's current stocks in 
the field lab at the s i t e . 

(1) Obtain cores of plugs and plug/rock interfaces as required, 
(m) Prepare specimens for shipment to the lab for additional 

testing and inclusion in the long-term exposure and 
mi neralogi c/thermodynami c st udi es . 

(n) Implement an effective and practical quality control and 
quality assurance program Eor the laboratory testing and 
supervision of the field cementing operations. 
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2. Industrial Assistance 
The need for a cementing industry representative, knowledgeable about 
available materials, emplacement techniques, and industry capabil i t ies 
will be evaluated. Clearly, having a representative with hands-on 
knowledge available as a consultant could preclude possible false 
s ta r t s with the field effort and provide assistance in the development 
of quality control procedures. 

3. Plug Design 
Plug design capability will be developed as a part of the materials 
program, w'tfc the short-term goal of selecting suitable cementitious 
plug mixes, performing calculational analysis of candidate designs 
using material and well bcre in situ properties, and comparing 
performance to the consequence assessment plug c r i t e r i a . As this 
design capability develops, expansion to consideration of the 
long-term geochemical sui tabi l i ty of cementitious materials and 
identification of alternate plug materials and designs will occur. 

C.2.2. Long Term: Advanced Technology 
1. Geochemical Program 

?or the long-term goals of establishing cemsntitlous material 
su i tab i l i ty , the development of a formal geochemical program will 
be required. While the capabilty to determine the su i tab i l i ty and 
s tabi l i ty 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 th i s . 
Hence, this capability is considered a long-term goal which can be 
started now but will not provide answers during the current field 
tes t ser ies . 

Some representative in i t i a l tasks envisioned in the grout su i tabi l i ty 
portion of the program are Listed below. Similar studies relating to 
natural material candidates will be defined as the program evolves. 

i 
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(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. 
rdentify zones of chemical reactions taking place during curing. 
Mapping of selected samples for microprobe quantitative analysis. 

(bj Grout Microprobe Analysis 
identification and quantitative chemical analysis or ceir-'nt 
components for characterization of phases which have and have not 
reached chemical equilibrium during curing. Depiction of "frozen" 
reaction zones and chemical analysis at 70 A resolution to enabLo 
formulation of possible future reactions involving phases .n grout 
and host rock. 

[c) Grout and/or Host Rock Thermodynamic Analysis 
Calorimetry performed on phases for which basic thermodynamic 
functions ( G Q , g Q / H Q ) are not known, so that numerical 
assessment may be made of reaction potential involving phases i i 
grouts and host rocks, catalyzed by brines. 

(d) Grout/Host Rock Reaction Product Analysis 

Identification 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 hove undesirable 
properties in a grout plug {lower molar volume than ceactants, 
higher permeability, greater solubility inmost 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. Alternate Materials 
The use of non-cementitious materials as well bore plug and/or filter 
material is necessarily deferred as a future goal of the BHP program 



since a formalized technology in th i s field does not exis t . The use 
of natural material as plugs may in the long-term mitigate the 
"geologic time" sui tabi l i ty objection to grouts, b^t the technology to 
emplace these materials has not been demonstrated. More 
appropriately, perhaps, natural materials could be used as f i l t e r s or 
adsorbers of radionuclides if their introduction to the well bore 
occurred. The ultimate evolution of the plug design could be a 
composite of cementitious materials as riuid barriers and natural 
materials as radionuclide harr iers , thus providing a muLti-media, 
multi-barrier path t-_ *-he biosphere. 

The alternate materials program is not fuLly developed at this time 
and will be expanded within the 0NW7 Generic Borehole Program. 
Provision to incorporate a small-scale field test of possible 
aLternate material candidates i s 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 Sandia. 

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 avai labi l i ty is described in the 
following sections. 

C.3,1 Short-Term Heeds 

Near-term needs/ by definition, will u t i l ize so-called "off-the-shelf" 
instruments; those which are available with "current technology." This, of 
course, does not preclude a measure of adaptation to the constraints of the 
particular BHP tes t , in fact, nearly all proposed instruments will demand 
some modification in their 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 u t i l ize 



standard well-logging apparatus. However, in two important areas of 
concern, a development effort is underway to provide suitable 
in.itrir?ont3tion as follows; 

i. In Situ Stress - Tm modification of the local stress field by the 
dri l l ing and subsequent relaxation of the borehole neeri-3 to bo 
'to-.erini ned. Through nodeling, .in approximation of the fracturing 
•5nd increased permoahility caused by the stress relief can be 
u.-cer tained. Then, upon emplacement of the plug, any restorat ion 
•r: the stress field and the consequent healing of the fractures 
may require monitoring. Saridia is developing ex^ennometers and 
borehole stress gages which may be acceptable for these purposes. 
These may be placed either in the main borehole or in nearby 
.~ at e 111 te hoi e^. 

'-• Fracture Delineation - In t m s case, a refinement of. logging tools 
u:o'J by the oil and gas industry to determine the fracture content 
of the ho;:t rock is needed. Acoustic techniques may prove 
valuable in this context. 

2. Plug Assess, :ent. As noted above, the principal focus of the 3HP 
instrumentation Program will be to obtain data to certify the 
integrity and performance of actual emplaced plugs. The near-term 
effort win be keyed to the three field tes ts planned for PY79 and 
FY80. 

The basic objectives of these t e s t s , feeyond gaining field experience 
in the mechanics of hole preparation and plug emplacement, is to 
evaluate the quality of the plug. Thus the f i r s t demand on the 
instrumentation is to answer when, where, and how much fluid 
penetration occurs. The second question is why, and this entai ls a 
more sophisticated anCysin, probably culminating in plug removal by 
coring. 



Curren t i n s t r u m e n t a t i o n tochnigues under c o n s i d e r a t i o n a r e : 

a . Water l,eveL Ind i ca to r (In c l ea r hole above plug) 
b . E l e c t r i c a l Conduc t iv i ty Probe (of f l u i d above plug) 
c . E l e c t r i c a l R e s i s t i v i t y Probe [of plug and host rock) 
fl. Tracer Detec t ion (gaseous and/or r a d i o a c t i v e ) 

e . Pressure and Temperature (PT) Monitor ing (na tu r a l or man-ma«3e 
sour cnr,) 

t . Acoust ic Probe (impedance mismatch) 
g. Inductance probe (of plug and host rock 1 

Tabl e TI show:: the e s t ima ted time r^caLe for s ign if leant even ts in the 

development ot t he i ns t r unen ta t ion I i s ted under Sec t ion B. 

TABLE IT 

Near-Term Ins t rumen ta t ion A v a i l a b i l i t y 

Design 
Item Phase Fabrication Lab Check Fieldinq 

a. Water Level 10/78 12/78 2/79 4/7 9 
b. Fluid Conduce vity 10/78 12/78 2/79 4/79 
c. Plug Resistivity 9/78 10/78 12/78 3/7 9 
dl. Tracer (gas) 10/78 12/78 2/79 4/79 
d2. Tracer (RA/gas) 3/79 6/79 9/79 12/79 

space resolved 
e. PT Monitor 12/78 2/79 3/79 4/79 
E, Acoustic probe 3/79 6/79 6/79 12/79 
g. Induction Probe 12/78 2/79 4/79 5/79 

A few po in t s a r e worth no t ing . Items a, b , c< dl and e w i l l be ready foe 
i n c o r p o r a t i o n i n t o the f i e l d t e s t p lugs desc r ibed e lsewhere in t h i s program 
document. Items d2 and f w i l l probably be developed by s u b c o n t r a c t o r s t o 
SEA. The space reso lved t r a c e r d e t e c t i o n system r e f e r r e d t o in d2 invo lves in 
concept a de t ec to r a b l e t o p inpo in t t r a c e r gas leakage pa ths on a 
f r a c t i o n a l - i n c h s c a l e r a the r than bulk volume sampling as in d l . This system 
i s not a v a i l a b l e now but t h e t r a c e r gas c a n i s t e r a s s o c i a t e d wi th d2 can be 
emplaced on cj.-* dl schedu le . The space r e s o l v i n g sens ing system i s intended 
for l a t e r development. Thus, bulk volume t r a c e r gas d e t e c t i o n can be inc luded 
in the t h r e e scheduled f i e l d t e s t s . 



3- Labgcatory • While the major thrust of the i nstrirncntatinn effort 
mvoivor, i ie ld ac t iv i t i es , more specifically quantification or tnc 
plug and its onvirons, attention must be paid to ancillary 
^cti vi tj p.-;. Tr.e laboratory assessment of ----indidate plug material 
performance wiii generally u t i l i ze standard apparatus such as 
•:ni-/r-r^al denting machines. One exception to this is: 

S a i Tost Coll Facility 
jarge Volune High Pressure Test 2ell - A cylindrical chamber wi M 
be identified (or designed) to accept largo (0.5 m dio.Ti x 1.0 x 
long) rrocK core samples. The permeability under radial stre^r, or 
prototype plugs may be *-«>sted in such an arrangement. I nler f.ice 
and ho^t-tock fracture conditions are also ncce^.ilbln to t e i t . 
Development of th is faci l i ty is enr.ential for evaluating bench 
scale samples and in i t ia l design will commence in FY79. 

4. Miscellaneous Concerns. This category includes the following items: 
a. Power supplies (possibly remote) 
ft. Cabling (including gas/fluid blocking} 
c. Recording (possibly unattended) 
d. Packaging (against the down-hole environment) 
e. Installation (dri l l stem, wire l ine , etc.} 
f. Calibration, Quality Assurance and Life Testing 

With regard to these concerns, ths following comments are pertinent: 

a. Remote power supplies will not be needed until Tabl= I I , items 62, 
and f are fielded and! should be integrated into their design. 

b. cabling capable of withstanding the downhole environment will be 
emplaced whenever necessary. This type cable i s available and 
routinely used in the oil and gas industry for short in-well bore 
times s>;ch as during logging operations but not Eor long-term 
emplacement as is necessary in the planned field t e s t s . Once 
specific experiment requirements are defined, the cable must be 
ordered since th i s is a six-month lead time item. 

c. Hecotding f ac i l i t i e s that permit unattended operation are in hand. 
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d. Packaging requi rements a re an inherent pa r t of the der.ign of any 
downnoie ins t rument or nensor . Sandia w i l l u t i l i z e exper ience 
gained in harsh environments in o ther p r o j e c t s such as the in s i t u 
fos.sl l fuel e x t r a c t i o n programs and a t t h e Nevada Tes t S i t e . 

e . I n s t a l l a t i o n w i l l e n t a i l c lo se coopera t ion and c o o r d i n a t i o n wi th 
the- c o n t r a c t d r i l l e r s and with tho a p p r o p r i a t e f i e l d i n g 
ar ynni r.ati ons at Sandi a. 

f. C a l i b r a t i o n of the sensor elements wi l l proceed accord ing t o 
e s t a b l i s h e d Laboratory p r a c t i c e . L i f e - t e s t i n g w i l l be approached 
v ia magn i f i ca t ions of the a n t i c i p a t e d environment , whi le the "pA 
requi rements have not been complete ly i d e n t i f i e d , a l l Sandia 
labor a tor y i nstrument ca I i b r a t tons a re t r a c e a b l e ui t i i t a t e l y t o 
Na t iona l Bureau of S tandards (NBS) , and proper r ecords w i l l be 
mai rttaincd. 

C. 3. 2, Long-Term Need;; 

Long-term ins t rumen ta t ion development wi l l be addressed a:; requi L ements 
are defined and schedules become f i rm. 

C.4. F i e l d Tes t Matrix 
The fieLd program c o n s i s t s of th ree b a s i c we l l -bo re f i e l d t e s t s : 
o B e l l Canyon Test: (BCT) - A minimum leng th plug p laced t o i s o l a t e b r ine 

water in lower s t r a t a (Bell Canyon) format ions from the WIPP 
r e p o s i t o r y hor izon . E x i s t i n g deep ho les near the tfIPP s i t e t h a t w i l l 
be plugged before f i n a l decommissioning of the Wipp provide the 
impetus for conduct ing t h i s t e s t . 

o Shallow Hole Test {SHT) - A t e s t to a s sess the a b i l i t y of p lugs t o 
prevent water flow from water bear ing s t r a t a above t h e r e p o s i t o r y t o 
the s a l t l e v e l . This t e s t wilL be performed in conjunc t ion wi th 
nearby mine workings . 

o Diagnos t ic Tes t Hole (DTK) - A new d r i l l hole through the upper water 
bear ing formations designed t o allow d e t a i l e d d i agnos i s of i n d i v i d u a l 
p lugs in a s i n g l e we l l bore by us ing an open c e n t r a l cas ing which 
pe rmi t s i n s t r u m e n t a t i o n access over t h e f i i l l s t r a t a r ange . 



' .A. L Current Technology Well Bore Tes t s 

A 'l\::>:ur.:ziin of the t e n t a t i v e plan, for t h i s s e r i e s as well as r.ome 
-. ippor". i ng exper iments fo l lows : 

1. t ir- i canyon .Tes t <BCT) 

Ct^Tf'C t i v e s : 

n A.I:;I?.'-,3 pr ope--t ics of an e x i s t i n g flUP 

t A:;-.ess cond i t ion of borehole wal l s and p e r i p h e r a l region p e r m e a b i l i t y 

DoTinrvitratrt c a p a b i l i t y for working ;n e x i s t i n g i n d u s t r y - l i k e holes 

• ; >;..'-il uat? :-Qi-i t ion between n e t ! Canyon water sou: ces .ind e v a p o r i t e 

I r/esr.3 

An <••/: it t it) ho i? which p e n e t r a t e s i n t o the Re 1 1 Canyon format ion , 

.-.elected from cand ida te L i s t . (Figure 1) 

Ra t iona le : 
Cons t ruc t ion of a minimum l eng th cement plug which can w i t h s t a n d t h e 
•ipproxiraatsLy 2000 psi h y d r o s t a t i c p r e s s u r e l e v e l p r e s e n t in the Bel l 
Canyon Formation o r i e n t i a l l y a s su re s t h a t , a t l e a s t in the s h o r t te rm, 
cement p lays can be emplaced to hold off h igh -p re s s u re h y d r o s t a t i c 
heads . Thur,, the i s o l a t i o n of: the upper aqu i f e r s wi th head 
d i f f e r e n t i a l s of approximate ly 20D f e e t (approximately 90 p s i j i s 
e a s i l y w i t h i n the c u r r e n t cement technology c a p a b i l i t y . This plug 
w i l l serve a dual purpose; i t i s designed t o provide a r e a l - t i m e 
s e a l , thus pLOviding d a t a on i t s mechanical p lugging c a p a b i l i t y ; i t 
w i l l s imul taneous ly allow conf i rmat ion of planned seepage around or 
through the p lug , thereby provid ing mig ra t i on r a t e da t a for the 
underlying b r ine and t r a c e r g a s e s . 

Discuss ion : 

This t e s t c o n s t i t u t e s a worst case s c e n a r i o for WIPP in terms of a 
h o s t i l e plug environment (approximately 2000 ps i on plug a t depth) , 
r i s k t o the WIPP Horizon in terms of p o s s i b l e d i s s o l u t i o n i n g , and 
demonst ra tes t echn iques for working a t depths on t h e o rder of 4 0 0 0 ' . 
Coring any e x i s t i n g plug may permit l a b o r a t o r y a n a l y s i s of bond 
strengLli , p e r m e a b i l i t y of p lug , n a t u r e of bond and t r a n s i t i o n r e g i o n , 
aging of plug in s i t u , and may l ead t o conc lus ions as t o t he adequacy 
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BELL CANYON TEST (BCT): Establish Capability to Isolate High Pressure 
Zones with Minimum Length Plugs 

Cable Bund !J 
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Conductivity Sensor 
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Sand Buffer 
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Figure 1 



of the technology base when the plug was poured. Emplacing of the 
replugs wilt u t i l ize state-of-the-art technology and provide for 
active instrumentation to monitor the plug performance in real time. 
Successive plug removal and replugging operations provide the 
opportunity to certify new plug design technology, to remove existing 
instrumentation penetrations, if required, and provides for permanent-, 
plugging and abandonment. 
The in i t i a l plug will be designed to he of minimum length capable or 
withstanding the existing pressure differential . Design wiLl roquiro 
assumptions and testing of bond shear strength, perateabt I ity of I Low 
paths at the plug location and calculations of migration times lor 
comparison to observed times. There u i i t be a seepage rate either 
around or through the plug which is 3 requirement for a successful 
experiment. The arrival time of the seepage will determine whe^he:' 
the assumptions are acceptable for a permanent instal lat ion; early 
arrival indicating that the leak paths were not adequately 
characterized; late arrival indicating the in i t i a l assumptions wero 
conservative. 

Planned hardwire instrumentation includes: 

1. Monitoring Df liquid level at plug top. 
2. Monitoring of liquid conductivity at plug top to determine source 

of flow, i . e . , either from upper aquifers or from Bell Canyon Uow 
around plug. 

3. Tracer gas release at timed intervals below plug will be detected 
at plug top for determination of migration rates . 

There i s an inherent risk in an experiment of th is type in that the 
design is deliberately selected to be the minimum required to 
accomplish the objective. Clearly, when overdesigns are permitted, 
success of the plug is assured in the short term as evidenced by oi l 
field practices* However, in this tes t , the goal is to predict the 
minimum acceptable plug length, ins ta l l this plug, and monitor the 
seepage results for comparison to predictions. Due to the deliberate 
marginal safe design c r i t e r i a , emplacement and casing diff icul t ies are 
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anticipated in the efforts and may have to be repeated. This is part 
uf the tost and sbould not be construed as a rai lure. Fo] low-on test 
within the well bore will allow for changes of variables ( i . e . , plug 
length, material, etc.} to permit evaluation in con-junction wi-h the 
WIPP permeability program of design isolation capability. 

schedule Impact; 
Minimal schedule impacts - need to select and acquire borehole, 
pjrepare instrumentation and in s t a l l . Projected time required 6-3 
months from approval to f i r s t plug insta l la t ion. 

Information Anticipated: 
o Well bore preparation and analysis 
o Plug emplacement technique 
o Quality assurance procedure analysis 
o Existing plug integrity assessment 
o Analysis of borehole and peripheral region permeability 
o Assess plug and formation composite competence 
o Provide samples for laboratory analysis for long-term s tabi l i ty 

ConclusionsAnticipated: 
Successful stemming of the high pressure region wil l : 
o permit updating and validation of modeling capability 
o Assess the sui tabi l i ty of cement plugs tor withstanding high pressure 

source flows in the short term 
o permit evaluation of the surgical-like plug emplacement techniques 

required. 
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Shallow Hole Test (SHT) 
Object ives: 
o Arsse.iy e f f e c t i v e n e s s of ove r ly ing aqui fe r i s o l a t i o n 

o Provide p lug/ rock samples a t s a l t hor izon 

> Provide a t e s t bed with access above and below the plug 

T'.jv Bed: 
E x i s t i n g nr new hole i n t o the Salado p e n e t r a t i n g a mine working 
{PKjum 2) 

;<-3t lona le : 
An " v a l u a t i o n of the e f f e c t i v e n e s s of cement plugs in i s o l a t i o n f l u i d 
flow w i l l be ob t a ined from the Be l l Canyon T e s t . Ussng t h e s e r e s u l t s . 
•?vi'j*.-rc<» t ha t the ove r ly ing a q u i f e r s in t he WIPP s t r a t a can be 
: •-••>* at '- 'i one from t h e o ther and a l s o from the s a l t s t r a t a w i l l be t he 
I'j.iii or t h i s pxp^riment , 

0 » t a i ? e d exper imental design i s being d e f e r r e d pending a n a l y s i s of 
'.'Xistin-j p lugs . Tne outcome of t h e s e r e s u l t s w i l l be used t o 
ileteriBine whether or not the Shallow Hole Tes t should be conducted or 
combined with t h e D iagnos t i c Tes t Hole . 

(Phase I) 
U Se lec t or d e t i i hole t y p i c a l of po ta sh e x p l o r a t i o n 
2) Inspec t <ind diagnose borehole wal l cond i t i on and p e r i p h e r a l r eg ion 

perroeab*Iity 

3) plug hole wi th a p p r o p r i a t e m a t e r i a l and emplace t r a c e r s 
4} Empiaoe upper i n s t r u m e n t a t i o n 

[Phase i n 
5i Advance mine to bottom of borehole (perhaps a t va r ious l a v e i s ) 

6) C o l l e c t l ab samples 
?} Emplace t r a c e r gas i n j e c t i o n equipment and i n s t r u m e n t a t i o n 
8} Tracer p r e s s u r i z e plug bottom 
9) Monitor upward or downward flow mig ra t i on 

Discuss ion! 
U t i l i z i n g a potash e x p l o r a t i o n hole p rov ides the o p p o r t u n i t y t o ga in 

access t o the borehole bottom for a d d i t i o n a l t e s t i n g . This borehole 
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SHT - Shallow Hole Test: Establish Adequacy of Piu-ja in laoUitr.g 
Aquifrrs 

\ 
\ 
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Abandonment if requireJ 
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LOCA.'JOKS 

STrf HIHt DCVELOntElit 



will be dr i l led, instrunented, plugged, and monitored for flow 
communication during Phase T. During Phase 11/ (6-12 month?) -acc«:~3 
to the plug bottom will be achieved by -raining to the plug region wherf? 
coring and active testing such as tracer gas injection of the plug r.nd 
native undisturbed media can be done. Laboratory analysis of the plug 
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 pressuri2ation techniques and quantify the technology ut i l ize? 
when these plugs were poured. 

A decision on whether to conduct the Shallow Hole Test will be made 
when the preliminary results of the Bell Canyon Test are obtained. 
Clearly, if the BCT is successful in withstanding the high-prossur<? 
head, proof at the lower pressure heads associated with the upper 
aquifers is redundant. Additionally, th i s test permit's access only at 
the top and bottom (salt} s t ra ta , with no intermediate s trata access. 
I t may be desirable to conduct the Diagnostic Test Hole {DTH) in lieu 
of the SHT, modified as necessary to achieve the objectives of both 
experiments. 

Schedule: 
Significant Impact. Acquisition of: suitable holes will be dependent 
on mine operators acceptance of experiment and agreement to 
cooperate. Phase I I will be tied to mining schedule, and timing of 
access to plug bottom may be unpredictable. Cost and contract 
problems are anticipated. 

information Anticipated: 
o Evaluation of emplacement technique 
o Quality assurance procedure analysis 
o Analyst's of plug and peripheral region permeability 
o Assess component plug and upper formation competence 
o Provide samples for laboratory analys;s of long-term effect between 

plug and host rock 
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3. Diagnostic Test Hole (DTHj 
Objectives: 
o Provide a full length sample of plug/rock interfaces in upper 

formations 
o Provide a test bed for continuous monitoring of in situ plug 

performance 
Test Bed: 

Ail 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 design 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 capability to conduct the overcoring operation may preclude 
the initial plug installation. 

Procedure Outline: 
(Phase 1} 
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 II) 

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 conduct on-going 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 
sequence is to emplace a plug in a new drill hole {8") which reaches 
into the top of the Salado. After sufficient time for curing and 
stability/ the entire plug would be overcored at a nominal 24". The 



DTH - O i a ' j n r n t l c T « » t H o l e : P r o v i d e i n - 3 l t u t e s t . b e J ( o r 
SiHUkT Ami LON>; t e r n . \ n i l y i i i 

I 
SAUADC / 

2 

I-
1 . Dri 3) Nomina] 6" 

Porthole to Salario 
2. riug with Bent 

Technique* 
J, Instrument and Monitor 

Tor Aqueous Ir.curilon 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

* • - i - . : , - . 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

' - - • . . ! • " 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

SA^NL^J 

• 
• 

ii 
V1 
i \ 
M n 
\ i n w 
i i U 

.-•i :.•:.*;, 

:#& 
- • . ' • . ; • • • ' • 

,v.;r.V 
:':i;.V-: 

* • • - • • • . 

• & : • • 

PHASE IX 
*-12 HOS AFTER PHASE I 
1. Ov«rcor» I" Plugged Hol« 

to J4--J4" 
2. Empl»c« Plug with Internal 

Cailng to Provide Di*qnoitlc 
T«>t »«d for On-folng 
Proqr** 

3. )n»trum«nt and Monitor 

Pigor« 3 

file:///nilyiii


large plug/rock sample could then be used foe laboratory analysis. 
The second phase would consist of an appropriate plug in the 24" 
diameter hole. This plug would also contain a centralized casing (fi"> 
which would allow instrumentation access. Future ac t iv i t ies would 
consist of penetration, tracer injection, pressurization, and 
instrumentation at selected locations. 

The capability to overcore an existing full-length plug may not exis*: 
or may be prohibitively expensive, in which case the in i t ia l pha.̂ e nay 
be deleted and a single 24" - 36" cased hole dri l led instead. The 
experimental impact is the non-availability of the full-length plug, 
which .-nay be significant. A final decison as to the trade-offs 
invo.1 d in the SHT and DTH will be made at a la^er date. 

Schedule impact: 
Most significant. Complexity of dr i l l ing a new hole and pLugging 
entails considerable cost. Second-phase ac t iv i t i es may stress the 
current over-covering state-of-the-art and add considerably to overall 
expense. 

Information Anticipated: 
o Well-bore characterization and data on emplacement techniques 
o In situ coring and stabil izat ion of emplaced plug 
o Provides samples for extensive laboratory analysis oE plug, interface 

and surrounding rock 
o 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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C.4.2. potential Technology; In-jiije Tests 
The program described thus far rel ies on current technology to ncctvnpl n d 
the BHP goal^. This approach, although likely to be sufficient, is not 
meant to preclude developing alternate technologies. For this long-verm 
program, consideration will be given to the following specific elements: 

o Alternate Plug Materials. 
The ultimate objective in the aHP is to identify, t e s t , and qualify 
appropriate n*aterial for use in plugging well bores. Cementt turns 
md'-erial may meet al l the requirements, but alternative approach.?.-; 
snould be investigated also. Thus the objective of the alternate plug 
material development is to: 
o. Identify suitable non-cementi tious material for us*? an plug 

materi a ls . 
o. Encourage the design of multilayer, multipurpose plug designs to 

provide a multibarrier egress path. 
o. Utilize materials which may behave in identical fashion to the 

surrounding media and provide additional confidence in long-term 
pi uggi r,g. 

' Advanced Instrumentation. 
Instrumentation development is recognized as a necessary part of field 
testing, and provision for advanced techniques is included in the 
program to permit development as required. 

To provide for developmental efforts in support of long-term programs, two 
field environment tests are included. 

o Salt Plug Experiment (SPE) - This experiment is designed to provide 
for in situ testing of alternate materials for potential application 
to JHP. Techniques for emplacing and evaluating these materials will 
be emphasized both in the field and laboratory programs. 

o Advanced Instrumentation Development (AID) - Space will be provided 
within the in situ mine environment to permit te&ting and development 
of advanced instrumentation systems for possible future application to 
the long-term monitoring of bore hole integri ty. 



A discussion of the tentative plan for these two program elements follows: 

Salt Plug Experiment (SPE) 
Objectives: 
o Provide Tor testing and emplacing of alternate native-like plug 

materials in sa l t formations 
o Enhance development of long-term alternates to cements 
Test Bed: 

A dedicated location in an existing mine workings 
Pationale: 

The development of alternate plugging materials and emplacement 
techniques is a long-term goal of the BHP. This experiment provides 
the in i t i a l opportunity to develop this capability with anticipated 
extension to a later time well bore plugging t e s t . 

Discussion: 
These tests will provide for evaluation of techniques 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 sa l t horizon provides the most protection 
from the standpoint of repository integri ty, i t is prudent to 
establish a program to specifically address plugging sa l t penetrations 
with sa l t , if in fact suitable techniques for emplacing s a l t or 
sa l t - l ike grouts can be developed which provide adequate isolation, 
then i t can be concluded that the man-made penetrations in the sa l t 
are not weak links in the repository integri ty. Existing laboratory 
analysis (Martin, 1975) indicates that such technique- may be 
available on a laboratory basis, and this experiment will provide for 
development and testino in s i tu . I t represents a Eirst step in the 
field for addressing a long-term vi ta l alternative in the borehole 
plugging program. 

Information Anticipated; 
o Salt plug emplacement technique development 
o Testing and analysis of in s i tu sa l t plugs 
o Laboratory sal t plug samples for further testing 
Schedule: 

Comments in MQE schedule apply. 



2. Advanced Instrumentation Development [AID) 
Objectives: 
o Provide capability for evaluating advanced instrumentation 
Test Bed: 

A 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 si tu test 
bod for developing instrumentation systems. 

Discussion: 
This experiment provides the opportunity to test and evaluate advanced 
instrumentation equipment and associated sensors. 

Information Anticipated; 
o Performance of advanced systems in in-3itu conditions 
o Field experience witir-suoh systems 
Schedule: 

Comment in MQE schedule apply. 

0. Summary 
The 3HP Program described herein is designed to address in a reasonable 

and scient i f ic manner the concerns associated with this subject in the past , 
with the intent of establishing a quantitative data base on borehole plugging 
techniques. To accomplish this goal, the tests and experiments described 
attempt to provide a mix of borehole (with limited access) and in-mine {with 
relatively unlimited access) environments in which assessment of the various 
issues involved can be undertaken. The end resul t of the program should lead 
to a better understanding of which issues are significant and which are not, 
thereby, permit-ting emplacement of plugs that satisfy the c r i te r ia 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 bottom of the 
plug for further analysis. The Diagnostic Test Hole permits recovery of bench 
scale size samples for analysis and establishes an in-borehole laboratory in 
which to conduct testing and analysis in a l l s t ra ta from the surface into the 
sa l t horizon. The additional in mine experiments provide the opportunity to 
investigate in more detail specific effects on plugs in the sa l t region and 
allows evaluation oE instrumentation systems. 

-35-



The l o g i c diagram of F igure 4 i s designed t o r e f l e c t the o v e r a l l goa l s and 
i n t e r c o n n e c t i o n s of the var ious a spec t s of the* borehole plugging program. 
S i t e s p e c i f i c da ta permits plug design modeling and consequence a n a l y s i s . 
Following t h i s , l abo ra to ry t e s t i n g and re f inements lead e v e n t u a l l y t o f l e l d 
t e s t s and in s i t u da ta r ecove ry . Successful sho r t - t e rm r e s u l t s expand through 
qoochemical techniques to e v a l u a t e t h e long-term r e s u l t s . F i n a l l y , when both 
s h o r t - and long- te rn t e s t s have been completed, a s u i t a b l e plug design i s 
evolved , Leading t o trie f i n a l r e s u l t t h a t r e p o s i t o r y i s o l a t i o n can be ach ieved . 

VI. QUALITY ASSURANCE 

A q u a l i t y assurance program Tor t h e WIPP borehole plugging e f f o r t wi l l be 
developed by Sandia L a b o r a t o r i e s . This plan wilL be based on a p p l i c a b l e 
f ede ra l r e g u l a t i o n s for nuc lear i n s t a l l a t i o n s . Effor t w i l l be devoted t o 
c a t e g o r i z a t i o n oE a c t i v i t i e s so t h a t the a p p r o p r i a t e s t r u c t u r e and format i s 
a p p l i e d t o program elements based on t h e i r r e s p e c t i v e impact on p u b l i c 
s a f e t y . As requirements s p e c i f i c t o waste r e p o s i t o r i e s a re developed, they 
w i l l be i nco rpo ra t ed i n t o t h e Qua l i t y Assurance p l a n . 

The borehole p u r g i n g phase of the WIPP program w i l l have a unique 
r e l a t i o n with respect, t o q u a l i t y assurance i n t e r f a c e . Although the ba s i c plan 
w i l l be developed by Sandia , t h i s plan must be compat ible ard i n t e g r a t e d i n t o 
both t he gene ra l WIPP q u a l i t y assurance plan developed by the WIPP p r o j e c t 
office/DOE and the ONWI q u a l i t y assurance p l an , ft s i g n i f i c a n t i n i t i a l e f f o r t 
on the coo rd ina t ion of t he se a c t i v i t i e s w i l l be necessa ry t o e x p e d i t e t h e 
implementat ion of the QA plan and t o minimize any d e l e t e r i o u s impact on the 
t e c h n i c a l program. A proposed framework from which t o bu i l d an a c c e p t a b l e QA 
Program i s shown i n F i g u r e 5. 
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PROPOSED WIPP BOREHOLE PLUGGING QUALITY ASSURANCE ORGANIZATION 

To insure t h a t the work done in t h i s program w i l l s a t i s f y r e g u l a t o r y 
•nanriards with regard to nuc l ea r f a c i l i t i e s i t enqu i red , a Qua l i t y Assurance 
Program wil l bo i n i t i a t e d . This program must be compat ible wi th the QA plan.^ 
or both t h e rtiPP p r o j e c t Off ice (OOE/WPO) and OMWI. To accomplish thi<3, 
Sand i a wi l l assume r e s p o n s i b i l i t y for tr<e development of the plan u t i l i z i n g 
5-mdi a -ne lec t ed personnel working under thn g u i d e l i n e s s e t forth, by OOE/WPO 
and any r e g u l a t o r y cequi .foments. Transfer of the developed pi an w i l l he made 
t o OSWI for i n t e g r a t i o n i n t o t h e Goneric ao reno ie Plugging program and DQK/VPO 
Tor i n t e g r a t i o n i n t o the o p e r a t i n g c o n t r a c t o r ' s program for WIPP. 

Tho o v e r a l l r e s p o n s i b i l i t y for t h e -*IPP BHP Qfi, PLAN will be r e t a i n e d hy 
Sand ia . During th development of the p l a n , i n t e r agency l i a i s o n w i l t be 
main ta ined with a l i waste management o r g a n i z a t i o n s for a p p r o p r i a t e i n p u t s . 

HKLULAT0R1* 

HKQUIRKMfcN'fS 

;"..; i d a n c e 

DOE/WPO 

Completed 

plan 

Wf-STINOHuUSE 

C o o r d i n a t i o n 

GENERIC 

BtIP 

F igure 5 
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REPORTS 

PROGRAM PLAN 

DUALITY ASSURANCE PLAN 

GROUT MATERIALS 
DEVELOPMENT PLAN 

INSTRUMENTATION PLAN 

INSTRUMENTATION SYSTEMS 
EVALUATION PLAN 

MONTHLY 

TOPICAL 

PROGRAMS 
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Bell Canyon Test 

SELECT,CORE,TEST LABORATORY INVESTIGATION 
INSTALL PLUS 

HONI TOR 
RE PLUS 

SHALLOK HOLE TEST 
EXAMINE EXISTING PLUGS LABORATORY INVESTIGATION 
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INSTALL PLUS 
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VIII Repor ts 

Reports will be provided in accordance with the Uniform Contractor 
Reporting System {UCRS) as follows: 

Program Plan 

t. Logic Hetwqrk 
Level 3 WBS (Subtask Level) 

2. work Breakdown Structure Dictionary 
Level 3 WBS (Subtask Level) 

3. Milestone 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. Quarterly 

2. Topical 

Monthly status Report 

1. contract Management summary Report 
2. Project Status Report 
3. Coit Management Report 

A. Level 2 WBS {Task Level) 
B. Cost Element 

4. Milestone Schedule and Status Report 
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EXPLANATION 

LITHOLOGIG SYMBOLS 

I Sond i lonr 

l ^ i P s ^ Mudirone; siltstone; silly and sondy shale. 

| Shale 

Limestone 

Dolomite 

CheMy limestone ond dolomite 

Sholy limestone 

u/k Anhydrite (or gypsum. 

rtlnierlaminoied anhydrite-! 

| ; : = ! " j " : ' : ' j ; j Halite (rock solt) 

Granitic rock* 

REFERENCES: 

1. Anderson. I97B 

2 . Andaraon, at 01, 1972 
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2. Andtrjon, e! a l . 1972 

3. Brokdw. er or. 197*3 

4. Foster. 1974 

3. GrliwDld, 1977 

6. Meyer, 1966 
7. S'pes. Williamson ond Ayeock, 1976 

For complete citations, 
refer to Powers, et al. 
Chapter 4 -

300 

600 

VERTICAL SCALE 
OF SECTION 

IN FEET 

© 

WOLFCAMPIAN iVolfcamp 

UPPER MISS. 

WSSlSSfWAK 

SITE GEOLOGIC COLUMN 

IMICK PARTL* C"EF"v BASiN UVE5T0-.E SEOKi'.Cl iM- ' f t f l 
>'4flT lADE-HAIVa1- AltEaSATISCUMtSCf ' l \ [ IDIEMVUV! 

SVf " i f LiV£STO«.ISiK£COMWa,.LV ARCia*l'iO^S 



SITE GEOLOGIC COLUMN 

Pft&CAMBAiAN 

Borne!) Shole 

/oodltird Shalt ^ ^ • ^ - • ^ g j ^ 

UONTOTA GHOlff 

5 i WPS ON GROUP 

ELLENBURGER GROUP 

OAHKGFIAI SHA l t SOVfAMST t . \»« 5ECL.E%C( M > H T O " M l 
BEDD!DVMTH$AJ<DS1tm iSHEf 1 "BED I O * S VC "Hpr t I'VE 

^zoo" 1 -<U*CO(.K 
SHtWUStUf T(*«*«lJI 

22 


