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130 Human,.lntrusion.in Geologic Disposal
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• ' '., ..,. :.., : _',:TABLEII! , ! • .... and releaseradionudides in excessof the standards.3The cal.

• ' '..... _r ' culations are highly sensitive to the assumed drilling rates)
":": "J ' iI)r_.g, 'Js'Jaai_'PT_m&ers ...... ,. Figures la and lb (see next page) show the low drilling

•_'.:":': :' ::..' _..].b=-._.,,.__.,_,ce,o_,,_v_l. , ..Pl_t(speht- rates inferred from two "expert" elicitation exercises, t As.. :. ::, :',., ,,.. .. shown, the SPA standards (40CFRIgl) specify a maximum
,,Aa ..... fuel packages

ordy) NdrUl' drilling rate of 30 boreholes/km z. 10000 yr for geologicConfiguration
.............. _'_ repositories in proximity, to sedimentary rock formations. For

TSPA.,91_ the last 9000 yr of the regulatory period, the raw drilling inten-
1,tl kW/Ha t vertical .....5.61 ' [ .... .0075 .... J. 17 sity inferred from the first ¢licitation exercise is only 0.4 bore-

• r ' • , • , "''_,' ", . . , .,. _.',,_,,,iv ,_:._,".c., .:,TSPA-2 ! .... holes/kmZ.10 00.0 yr, and the marker moderatedintensity
. 1,1,ikW/Ha_•verttiad ' "' ' 3;32 :, J ,' '.0171 ' ' 10 ' inferred from the second elicitation exercise is only 0.2 bore-

141kW/Ha_01"tz_ ';_ .... 3.32 ;_' ;' " .0324: 10 holes/kin 2.10000 yr. This is three orders of magnitude less
than the specified SPA maximum and at least four orders of

1.94 . . =.0292. _,. magnitude less than the current drilling rate in the immediate
: 282kW/H_ horlz. ..... ".:1.66 " .... 0648, 5 vicinity of the WIPP.

• ,-,.,,: . ,i--.. Figure 2a (see next page) shows that by 1977 there were
'Di'iUifi'g:demlt7 b'.a_ o:i tht'd l_reh6tdkiu_/10'.000 yt_d. 3). only 13oil and gas wells drilled within 2 miles of the current

.WIPP site boundary. As noted by.Keesey, 4 extensive deep
' _.,":' ,.'. :: ..... . . ' ' drilling had not been undertaken in the New Mexico portion

.......... • .'.. _,,. of the Delaware Basin, and only 10 to 150/0of the available
CONCLUSIONS .... : acreage had been tested. Keesey also stated that the Delaware

These atlalysesshow that the _hoic¢ of repository and Basin still had major oil and gas potential. Figure 2b (see next
waste packag¢ confi.tguratlon'i:an h_iv¢a large impact on sur- page) shows that there are now 80 additional oil and gas wells
face rele_es 0f radionuclides. T!!_ assumed benefits of an and 4 brine injection wells in this same vicinity. Most of these...... , . ,. ..... wells have been drilled in the last 3 yr on 40.acre spacing pri-
alternatly¢ waste package design m_st be weighed against the
possible impactson'dr.itling=ten',a/_os. The human fntrusion marily for the exploration and production of crude oil. Even
analys_ _.'¢'only,one..of _Y _ s being c0mldered, Other if drilling of those 80 wells had been distributed over the last
faetors.,'i_.6_:h_ dos¢'¢ffect_,i_uSCel: ibtlityto other disruptive 15 _,r, the actual drilling rate still exceeds 400 boreholes/
events,and"operaflonal co_id¢.ratJ :ms will kll be 'evaluated. km • 10000 yr or a full order of magnitude greater than the

Because t.h.¢',_qiga',an..d.t.he "¢0n_.l uratioh' of the potential EPA maximum value. In addition there are 68 notices of stak-
Yucca Mo_i_ti_Ihfi'fa'_le_.r'ffds'ferep_ sitob/'are still beir_geval. ing or applications for permit to drill. The applications areeither pending or have been denied. This is also a potash
uated, performance assessment analyses such as this will pro- resource area, and many applications for permission to drill
vide valuable insight and guidance, for oil and gas have been denied by the Bureau of Land Man-

1. R. W. BARNARD, M. L. WILSON, H. A. DOCKERY, agement. If not for the potash reserves, the drilling rate would
• J.H. GAUTHIER, P. G. KAPLAN, g. g. EATON, F.W. be even higher.In conclusion, the low drilling rates inferred from the elic.

BINOHAM, T. H. ROBEY, "TSPA 1991: An Initial Total- itation exercises should be viewed with caution. The perfor-
System Performance Assessment for Yucca Mountain," mance assessment calculations need to justify a drilling rate,
SANDgl-2795, Sandia National.Labs. (July 1992). and that rate should account for actual experience and resource

2, "Site Characterization Plan, Yucca Mountain Site, Nevada potential in the Delaware Basin.
Research and Development Area, Nevada," DOE/RW-
0199, U.S. Department of Energy (1988). 1. S. C, HERA, "Probabilities of Human Intrusion into the

WIPP Methodology for the 1992 Preliminary Comparison,"
3. Environmental Protection Agency (SPA), "Environmental Appendix to SAND92-0700/3, Sandia National Labs.

Radiation Protection Standards for Management and Dis-
posal of Spent Nuclear Fuel, High-Level and Transuranic (1992).
Radioactive Wastes," 40CFR191, Code of Federal Regula. 2. "Environmental Radiation Protection Standards for Man-
tions (1985). agement and Disposal of Spent Nuclear Fuel, High-Level

and Transuranic Radioactive Wastes," U.S. Environmental
Protection Agency, Federal Register, 50,182, 38066-38089

4. Drilling Rates for 0il and Gas near the (Sep. 19, 1985).
Waste Isolation Pilot Plant, Matthew Silva (EEG) 3. "Preliminary Performance Assessment for the Waste Isola-

tion Pilot Plant, December 1992,,Third Comparison with.

The drilling rates estimated by'subjective ¢ilcitation _are 40 CFR 191," Subpart B, SAND92-0700, WIPP Perfor-
four orders of magnitude less than the actual'drillingrates mance Assessment Department, Sandia National Labs.
for oil and gas near the Waste Isolation Pilot Plant (WIPP), (1992).
a repository intended for the disposal of defense transuranic 4, J. J. KEESEY, "Hydrocarbon Evaluation Proposed Soutl_-
(TRU)waste.Th¢ 1985U.S. EnviroamentaiPr0tectionAgency eastern New Mexico Radioactive Material Storage Site,
SPA standards for the disposal of TRU waste specifically cau- Eddy County, New Mexico," SAND77.7033, Vol. I, Sandia
tioncd against building a repository in an area with resource National Labs. (1976).
potential "unless the favorable characteristics of such places
compensate for their greater likelihood of being disturbed in

n
the future. The 1992 WIPP Land Withdrawal Act requires 5. Probability of Intrusion by Exploratory Drill-
the U.S. Dcpartment of Energy to submit analyses to the EPA ing at the WIPP Site, Martin S. Tierney (SNLJ
that demonstrate that the repositow's release of radionuclides
to the biosphere over the next 10000 yr will be less than Inadvertent intrusion by exploratory drilling is a credible
allowed by the SPA standards. Th_se analyses rely on perfor- disruptive event that could lead to a release of radioactivity to
mance assessment calculations. The performance assessment the accessible environment from the Waste Isolation Pilot
calculations published to date have identified future drilling for Plant (WIPP) site in southeastern New Mexico. t Since all
oil and gas reserves as an event that can disrupt the repository credible disruptive events and processes must be considered in

" _F_ This work was supr, nrted by the United t["_

(' States Department of Energy under ,.,. ,_ i_)i_ _:. ' ....._tilb"TBlt_tJri0N OF THIS I_IJCUMENT I8 UNL/MITEI) Conlr..ct DE-AC"4-94AL_SOn0. :_t_



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



ib

/
/ I5 /

. 111Ir_#S , ! -

o I :,.--_ wIPPsite

6 /" _2

. +/i///
,. 7_ _z

20- / -.
/ _:._ "//'////,_. ,

F//j _. • ..........

I i _ • . • Z

1/ .... °, c
A !::! daxI_A Rate 3

- _i lib RawIntensity m.-, :_

o i m m IF ._ .oa_ " -
0 100 200 300 400 500 600 "+

Years After Decommissioning Fig. 2a. Oil and gas wells in 1977. (Paper 4) c:"1_ tt_m.

0

(a) : '*[::_>o_,i :'_ .o " . --.

i * oo *:::' :=
•oo. :;.::. =
,9o0 G')

!0 * loll *

""" °'- •"." °°- o ,_,_ • ... __
V 1,11. ....- "+--. o W]PP Site Boundary ,i *

oo / p',,_ , • • 0
o 30 _"-"-'_ "

v _ .=g::,'; _.
/ _]+ .o. •--, o: ooo_ l* "00

/// •

20 V _]+ • d

/ //_/ *-4 )o00 • *
• )qll_ 0V J I0 i

_'lO / //'.6//_z "2. o " : .

V _// * ol •

PawIntensity *-i ,

0 MarkerModerated1000 5500 I0000 . Oil and gas wells

t_ years After Decommissioning • Brine injection wells

(b) o Applications for permit to drill and staking notices

Fig. I. Drilling rates. [Mean drilling intensity (estimate by S. C. Hora, 1992).] (Paper 4) Fig. 2b. Oil, gas, and disposal v_ells in 1993. (Paper 4) (,a..a

1

i



132 Human Intrusion in Geologic Disposal

determining compliance with U.S. Environmental Protection cal properties of the solutions of each system are inferred by
Agency (EPA) standards for disposal of high-level and trans- first numerically creating a large number of realizations (sam-
uranic wastes, z preliminary assessments of the performance of pies) of solutions of each system and then forming averages,
the WIPP system have necessarily examined the consequences variances, and empirical cumulative distribution functions
and probabilities of scenarios that involve intrusion by explor- from the sample data in the usual way.
atory drilling during a 10000-yr period following site closure. To facilitate comparison of the latter (non-Poisson) system
Helton 3 and Tierney 4 have proposed probability models for with solutions of constant-;_ Poisson models used in the WIPP
exploratory drilling scenarios that are based on the assumption performance assessments, the elements of the sequence ;% are
that the random variable N(t), the number of exploratory treated as independent random variables to be sampled from
boreholes that accidentally pen etrhte the repository by time a uniform distribution on the interval (0,_,mgx); this way of
t > 0 following site closure at time = 0, is a Poisson process, 5 choosing the sequences ),#ensures that the associated sequences
i.e., a continuous-time random process whose state probabil- of state probabilities, [P.(t)], will be probability distributions
ities, in the sense that Pn(t) > 0, n = 0,1,2 ..... and

P.(t) = probability that IN(/') = n] , n = 0,1,2,3 ..... x_ P,,(t) ]
are solutions of the infinite system of equations .=o

D

dPo Some anticipated results of the comparison of solutiox_s of
= -_,(t)Po , ..P0(0) = I Poisson and non-Poisson systems are that (a) there is no sig-

dt nificant difference between expected values of the sequences
and of state probabilities associated with each model, and (b) the

difference in variances of the state probabilities associated with
dP# = -)_(t)(P. - P.-l) , Pn(0) = 0 , n > I , each model decreases with increasing order of terms; the vari-
dt ance of state probabilities associated with the Poisson model

on average dominates the variance of the non-Poisson model.
where the "drilling intensity function" X(t) can be any non- A practical implication of these results is that, in spite of their
negative function defined on the interval [0,oo). The WIPP counterintuitive nature, constant-X Poisson processes are con-
investigators have used both constant and time-dependent X(t) servative models of the probability of human intrusion by
in the foregoing system of equations to calculate probabilities
of intrusion by exploratory drilling6; in either case, k(t) has exploratory drilling in the sense that they lead to overestimates

of the probability of the number of drilling events during the
been treated as an imprecisely known parameter that is 10000-yr period of performance.
bounded above by hm,=, the maximum drilling intensity sug-
gested in the guidance for implementing EPA standards in
40CFR191 (Ref, 2). In the constant-;_ case, the parameter is I. R, V. GUZOWSKI, "Preliminary Identification of Scenar-

ios That May Affect the Escape and Transport of Radionu-
sampled from a uniform distribution on the interval (0,km,_._); clides from the Waste Isolation Pilot Plant, Southeastern
in the case of a time-dependent intensity function, the param- New Mexico," SAND89-7149, Sandia National Labs.
eter is sampled from a set of equal!y likely realizations taken (1990).
from a family of functions constructed from information pro-
vided by a panel of experts. 7'8 2. "40 CFR Part 191: Environmental Standards for the Man-

All forms of Poisson processes share a feature- homoge- agement and Disposal of Spent Nuclear Fuel, High-Level
neity in time-that may reduce their credibility as bases for and Transuranic Radioactive Wastes; Final Rule," U.S.
probability models of the occurrence of events in the far Environmental Protection Agency, Federal Register, 50,
future: In the models used for WIPP investigations, the drill- 182, 38066 (1985).
ing intensity function chosen at the start of a calculation must

3. J. C. HELTON, "Drilling Intrusion Probabilities for Use in
apply in every interval of time between successive pairs of Performance Assessment for Radioactive Waste Disposal,"
future drilling events; i.e., the process is renewed with the same Reliabil. Eng. System Safety, 40,259 (1993).
intensity function after each driUing event, no matter when
that event occurs. The purpose of the work presented in this 4. M. S. TIERNEY, "Appendix C, Combining Scenarios in a
paper is to investigate the simplest generalization of a Poisson Calculation of the Overall Probability Distribution of
process that lacks thiscounterintuitive feature, i.e., the sim- Cumulative Releases of Radioactivity from the Waste lso-

plest probability m_del th.at can incorporate effects of random lation Pilot Plant, Southeastern New Mexico," SAND90-
temporal variability, of p_'oblem p'arameters. Motivation for 0838, Sandia National Labs. (1991).
this work stems .from the belief tha_ making fewer or less strin-
gent assumptions enhances the credibility of models of hypo- 5. W. FELLER, An Introduction to Probability Theory andIts Applications, 2nd ed., p. 400, John Wiley and Sons,
thetical events. New York (1957).

The particular model studied in this work is a discrete-
state, continuous-time birth process whose state probabilities 6. "Preliminary Performance Assessment for the Waste Isola-
are solutions of tion Pilot Plant, December 1992; Volume 1: Third Cor0-

parison with 40 CFR 191, Subpart B," SAND92-0700/I,

dPo = -koPo, P0 = I p. 4-5, Sandia National Labs. WlPP Performance Assess-
dt ment Department (1992).

and 7. S. C. HORA, D. VON WINTERFELDT, K. M. TRAUTH,

dPn "Expert Judgement on Inadvertent Human Intrusion into
= -hnPn + _#-iPn-t , P#(0) = 0 , n _ 1 , the Waste Isolation Pilot Plant," SAND90-3063, Sandia

dt National Labs. (1991).

where (Xn,n = 0,1,2,3 .... ) is a sequence of positive, bounded 8. S. C. HORA, "Probabilities of Human Intrusion into the
numbers (constant drilling intensities) with Xj :# hk forj :# k. WIPP: Methodology for the 1992 Preliminary Compari-
The method used in this work is a comparison of statistical son," "Appendix A, Preliminary Performance Assessment
prol;)erti_ of r_.atc probabi_de_ g_-a_tat_d by th_ former (Poi_- for the Waste l_,o|ation Pi_t)) Plant, December 1992. V,A
son) system of equations with s'tatis%i_dproperties o! _oluuotts um_ 3" lCt(.,a¢ll'n__met_ _," b,_l_t.r/z-(.r/(_/_, b_,o,_ :, a
of the latter (non-Poisson) system of equations. The statisti- tional Labs. (1992).
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