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Preface

This rqwrt dorulllt’llts our work as ;in expert ad~”isingthu U. S. I)cp;lrtnwtlt of l’krgy
on nlodrw of il]ii(l\e(’rt(’litilltrusion ot”erthe n~xt 10,000}wrs into tht’ \\:;iste lsol; ~tionl’ilot Project
(\\’l Pl) ) nuclear waste rcpositor}”o‘1’hc\\rI P1),locatwi 26 Illiles cast of ( ‘;trlsh;d, New Mexico. is
a dcfcn.w arti~”il}?of the lhqmrt nlcllt of l~nerg~.w’hirh is to svr~’e;1s;1 rcwirrc!l and dm’clopmcnt
facilit}?to delllolist r;~te the safe d ii n h s f o r w
result iug from thc defwsr acli~’itics and programs of the [:. S. G:wrn recut. IIJ’ late- 1989, over
1 miles of underground structures had hum excavated. This includes four deep shrifts extending
2,1.50feet hvlmv t II(’surf;m, and horizontal tunnels and roonls ;~t that (icptil. IJn~icrgrounfi rooms
an(i con nwt iNg passagcw’a~”s;1rc’13 feet iligh an(i 33 feet wi(ic.

‘ t \ h s t t p o ( i (t w p

● (’olltact -han(iiwi transu ranic \\”i\stei nlctiil dr o i “1’iIor;~(ii l u t o

o t d a ! i i e t t c t s t in a h m

● l I I h I t r r w w I e r i t t h w r
i ~h r cr wc

Ollr tc;lr]] is l“;iricli: An ast roph}’sici.stwt:o ;iiso wriIw scieltw firt ion, ii (iccision ana!~. st, a
ph~-sicaiscientist turne(i soci;ii scientist. and a gwgr;lphrr. \\?,, ],;](Jl,~l~pr]]lt?tl)~for(~this work Wl(i

a,0 sprea[i across th rce staks. our t-imvson ilum;lnit}. an(i lwilnolqq” range from optimistic to
c}-uical!y pessimist ir. I[ow’ever,V.”vhclieix~V.)c pro~”ifleii unique pwspwtii”v from our vantage
point as SOII1ilJ\wsterners ou future illtrusiotls at the M’ll’]) site.

\ t r vt n l0 n p b [ . S l o l personnc]
at](i co[ltrar tors, W?Cwere st rIlcii i)y the f;lct that th (w recoinnlel~(iat ions rcga r(iiug Itwrims impiir-
itl}ewsunw t ilat ful urc pokwt ial inadvurt enl int.rudws wiil iook lib ‘i’wcntieth C%ntury
arch aeoiogists (except, prrh i)s. th;it ttle~’~~illNot un(icrst iill(i ilng]isil Ier}” U“f$ii). We ilop(j our
renportgi~w im;igw of how t ru1}-(iiffmwt the flltllrc is iiiwly to he.

T v t I nR S I A illl(i Siill i)icgo arc fanliliar wit]] the
agriclllt ur;~linspf,ction an(i inlnligration (!) rhw”!i])oints.This is nlfjre rout ml on triinsit than there
is Iwt.wwn some \Vmtcrn l~urop~’;mnat iws, an(i it I)roi’i(iman appropri;it (I ill)agr of the piacft n!
t i]c Sol]t il~~wl in [.. S. histmy. ,\ntonio (ic i!kpcjo c t \VIP1’ rrgion in 1 T i :
t i s i I g a ancient iilrl(i. ;Ill(iOne whwc tllr inlpilCt of [“. S. rorlt ml is light illl(i, possihi}~,
tiilll~i(’111

i’he titio of ou; report. “,\”it h its rrl”orellc(tto (jahriei Garcia M;irq11(’z i aiI I O

/ /} ( S “cIxIvcJ”ssonic of our WIIIS(Iof how (iiffwvil t II($l“utl]rl~could INIfrom t ilc
I ‘writ. ‘ i n sometirllm swills alien to IT.S. rea(icrso }:(*1il v;as wri !1o!] ill this rentury all(!

jllst a few 1ons o h o m f \ !D C b i a \ S 0 r Western
Ill]ro!)catl cu It Ilriti t r;lditio’.l. What wiil I)e thu wor!(iviewof so]llw)nc rontcmplat ing the \V1i’1’ site
in 1 A .

...



— —

\ \~ , ,of tlll~[W-II]t:oll(.l]r1~’ilII tht~report. \ 1 1 prime rcsponsi-

bilit}’ for different sections. M:trtin Pasqu;dctti t.rt~iit~(ltllt~fr;llllwvt)rkIIW*IIf(>s!rl!rt ilrc t 1 s o

scenarios. ‘ih prime authors of swna rio (

furnished the l’ignctt IS that o e C

(jr(’gory Ilenford
( ‘raig \fl. Kirkwmo(i

il;lrry otway
Marl ill ,J. Pasqll;lletti
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Ten Thousand Ycnrs of Solitude?

On Inadvertent Intrlisioll into the
Waste Isolation Pilot Project R.cpository

1,’/’

ABSTILACT

Introduction

We arr no h ter at prwlictillg changes and II\4Jllls t I

w t l t un g p I I d ani In;il domw[ icat ion in hl(~s(IjtI)1aIIIia 1 y I ; a

Only a few inkling ;if 1II(Iheginning of this ury of w’llat

could hai)pcn by f

our t;isk is :tot really 10 ~.isu;)lixvt)10luIxt 1 } I II($rcw’{:mf.imate crwliblc

types of poten! i f t a ci r into f.hc W;wtc Isolation I’ilof.Project ( \\:l PI) ). as a

basis for creating wariling markws to prwcnt in;dw>rtont intrusion. This is more foasihlo bcrausc

only a few aspects of futu w dcvelopnwnts affwt potwltial intruders’ ahiiity to detect ;md properl.v

interpret markers.

i



ntk I
Steps i S tScenarios for [ ( I 1 ) i t \

s(q)( - ) ! 1 ( ’- l . 4

step TWO –- Idcnt if\’ Ent”ironmentai Changes Enhancing I. I.

Step ‘1’hrco – Identify Key Socioeconomic Fac!.ors Enhancing 1. 1,

Step Four -– Spccif) the Likelihood that Key k’actors Enhance 1. 1.

Srcp Fit”o — Mcntify Scenarios

Step Six -- Describe Scenarios I
J

T around answering the following question: What conditions would

increase the Iiiu. ?lillomiof ina(i~ecrtcnt inlrusion (I. I.) into WI P P? WCilave usc(i a six-step process

(-i’ai)ic 1) to structure possible scenarios for such intrusion. Soctioll 2 presents the first five steps

of filis process. Section 3 (icscribm sccmarios (step six) i)asc(i on t iie specifications in Section 20

Sect ion 4 draw’s couciusions from our analysis and maims rccommon(iations.

Our wc)rk was mn(iuctwi within a two-rnontil perio(i in mid- 1990.

2



2. Basis for Selecting Scenarios

‘1’lwa rs s IIliilv a I t p I S
( f ‘ I s th i t a

h o t h r I ~ % l u f t m s
x r t“ I t ”

Step one — Estahlish Assumptions

t 11(’

1.

2.

3.

4.

\v(!

5.

(

i

I o l )flljlll [;. S. lhqmrf nlent of l~nergf’personnel and rolI[ r;wtors. wwunderstand

II “ If[j ON’1 S arc t() I)P11;,1(I*:

“i’hort~ljositt)r~”weill1)[1closcxlaftcr tllc prol)osml period of

;Icridrnt al iul rusions ;lrc to I)c considered. “1’hatis. war, terrorislll, and similar
i t d t o drwmd.

.-\ctil”v cent ml h ill I)(*1lliliIllaillcdof tile \\’IPI’ site during the period of use and for one
hun(lrwl }eearsfoll(n~illgclosure. “1’11(’refore,wc can ignore this period ill our anal.vsis. We arc
t or I)Il:;i(l(’r m-cr t tic I0,000 }“~;~r< follol{’irtgthe end of actilw control.

I“ollowillg Illc [111(Iof tlitI pcriofl of artil~’ culltrol. [,l,.+i~”t~ rvs on1}’will IX taken t

r p (i i t l‘ i w m;)rkrrs arr uswl Illust not require illl’j active
maintena ure aftm the period of acl ive ronl rol cuds.

ha\”Oalso followed these add(vl guidtditlrwill our work:

m illllervnt danger will decay at currently projected

f;illtastic (;iitilougil potential}. possible) e~’cnts wiii ije consi(icrmi. These inciudc such
tilings ;W

\/isit:; fr[,lll t~x[r;iterrcstrii~is.

(:oliisions with Ot)jccts from Spac($,ill)(i

- Ai)iiit}’ to rmmlw grat”it~..

The furthm w(’consi(ier into tile futurv. the greater the varicty of possii)ie srenarios.

Looking i);ick in time otfcr tiw last 10,000years gives some iimitmi itl(iiciLtiOnof tile magnitucie

of changes we may expect in the fdturc. Since of the WIPP is currently projcctc(i to

iast for itpproximatcly 2.5years, the cnd of the period of b 12.5years fK)Ili

tile cf (qwniug. i]asc(i on a consideration o!’historical (icvclGpments, wc (iivide the period after

the cn(i of active control into three pcrio(is: 0-100 years (“Pcrio(i I“), 100-1,000 years (“Period Ii”),

and I,OOO-10,OOO.Yea.rs(“Period Ii!”). Adding on the 125-year period of t 100 years

yieids 225 years from the time of opening as the end of Period I. Going back 225 years, what is

:J



n the Eastern [Jnitd States w;~sin the l E c p , 1a i th I

world, there were smlic rf’st’llll)l;~ll(:c~sto tlic cllrrent wwrl(l in f;wt, some cOIIIItrios h;I1’0sur~’iJ’(0(1

this !ong. k’orthis Ijcriod, IIwrcfof(’, it is possihh! to consid(’r Ilsing (’xl i(~lli ( prcdicl W“h;lt

might happen.

(:oing back 1,000 ( t 12.5 Ofi c ) t u t t 1 ~lt!rilllrof the Middle

/\gcs in I;urope. \ ;n p i u fronl [his f;lr back II;lJ,(Isurli~fv]. l[f)u[l~ecr,snnl(~

human institutions survivml this long (Ilotahl}’ the (’at holic (.’hurch in \\”cstorll Iluropc) and

some buiIdings fronl t his f;ir hack arc sti II in acti iecus(~.Thus. while it is not re;llihtic to consider

extrapolation as ;1 method of prvdict ing t ilis fiir in the flltIIrv. Ilistor}’ gi:es indic;it ion of son]{’

continuit~’ o~’crperiods ;ISlong ;)s l’cried 1I

\ historff I)qwnd 1,00(1 vspcciall)’ 011i rf~~ioll;ilscale. l’or ox;~lllple.English

history is reamnahl.v well known from the time of the Norm;ln inv;wion in IO[;(i. l’rior to t hat.

things are less w’ellcstahlishcd. (Who was King ~\rt hur’!) Further hack th;il] ;1 I)IVof thollsat]fl

t here is \.cr}’ little coutinuit.y in Ilull]an institutions. Goitlx hack 1 ~ w r

t t o t b eo agricult urv, a t im’ aI)r)ll1 which \“irt IIalI}eall 011r III hnd i n

i nfrom S of t llc time. Thus. C\’IIM\\eith 1ho usc of prw~tlt illformat.ion

storage aI)ilities, pm] ictions for l’cried I[I l~eiII I)(’highl}”sp(v’ulilti~’v.lkc;~usv oft his cxi)ectation of

uni)rc(!ictabilit~’.w’ehal’e included broad range of scenarios so t }Jatthe markers

of int rllsiolt.

note tilat there’ are nlatl}’rcasonahic for future (iei’cioi)nlcnts under wilich

the M’IPP cit}ler suffers no inarlvcrt. entintrusion or where inadi”crtcnt intrusion does not pose a

threat to mankind. F’orcxamidc, if knowledge of the \\’ If)P,its loc;ltion, and i!s threat remains

in the knowk!gc hasc of potential intruders, inadvertent intrusion, by definition, would not occur

(witil the one exception of the case where intrusion was intcntil)oal but cxi)osurc to t.tIc risk wits

not ). In;dvcrtmt intrusion could also occur but without negative consequence, as in the case where

all dangers have been negated (either because the dangers in the matcriafs can k neutralized, or

because the harmful biological response has been nullified).



members of our think t 1 a

resource in the near future. If so, then the f;icilit}’will oithel IIei”orhe Cl(w’d Iwc;lllse tile

waste w’i[l!lalw been retrict”ed or the C after tht. filcilit~”is ~’losed.

‘1’hcpotential scenarios reviewed in tllc precx’diup:tl$’ol)ill”il~l”;ll)llSsll(juld I)CIlwpt ill ]Ililld while

cow.idtwing potcwtiid thrwlts posed by the \V11)P. Ilot~’v~wr,Jt”(’gi1“(’t 11(’111Iilllited I i(m I)clow,

Our task is consider the nat urc of potential intrllsions t

taken to pre~”wlt intrusions

illl(l t}lc Iiirg($r1111IllilllColllnlunit~..

will I)e Ji’CllIll;ll’kt’d,rmncnlhmxi ;ind possiMy guardrd

during Period I. In Period II, there memory !oss I)J’$,,~ciot}’,oi cllough iIlg Of thC

“ ~ ~ g e l l ~ ”of the \\;I[>l] th;~t its thr(>at is not Ilnderstoo(i. Sigtlifir;lllt lnarker 10sscan occur, Cxccpt

for very large or t’ery clct’cr markers. Period 11I holds a of unknowns, since it comprises

more time than (allhuman history. We can expect ri{di(”alsbifts in worldteimv,capabilities, and even

the composition of the human species. Yet it is possible that the technology of that time will be

unable to deal with radioactive isotopm because the entire nuclear technology will be not merely

outdated but forgotten. This is like ti “MuInnly’s (.~ursc.”where the esplorcrs know so[llctl)ing is

down there but do not appreciate its nature or dangers.

Futurd IIccclopmcrr! of 7’Anologicd litlou’ltd~c

1.

2.

3.

4.

I broad terms. the future level of technological

Knowledge gencrallj” increilscs,

Iinow’ledge follr cours~s:

There is and perhaps collapse, of relevant knowledge,

Knowledge generally stagnates at or n{?arcurrent hwcls, or

‘1’hereis a cyclical decli]lc and rebuilding of knowledge, with this c~”cleperhaps occurring more
than once over the ten-t housan:l-~war period of interest.

Other patterns of development arc possible (for example, a growth of knowledge for a period,

followed by stagnation at a significantly higher level than at present). l[owcvcr, if marlicrs arc

developed to handle the four patterns specified above, then the markers should address other

credible scenarios.

5



E o t h f d et S o int rusion. If

knowledge gwwr;dly itlcrcases., then it is possible that wo will qliicldy lllo~’dthrough the C.urrcnt

atomic ;iq(~iuto a time when smnct hing else is used as an elwrgy sourrc or wo;lpon (pvrhaps solar

power or complete contfcrsion of matter to energy with no byproducts). linowlmlgc of atomic

materials and the threats they pose might bc lost in the great Illiiss of new i

will not be recognized as a thrc;~t as timo goes on. Otlwr

potential t hrcats of from technology.

For example, autonomous i h

recognize the di~t]g~r(m wight not th~!,kof it iis a ( Ibecause it posed

no threat to the machines themselves).

If knowledgo declines or collapses, then some working technology could still he ;lrouud without

the knowh!dgc to understand the dangers that using it at the \\”I1’J) siLCpc:,c)s.

start drilling at the \VIPP si!e without hii~’illgthe to properly identify the m;itcrial that

was released.

If knowledge stagnates at current levels, d;tngcrs might be posed dur to loss of institutional

control, as discussed later.

i

and then rebuilds. \\rildcatters with 1 drilling technology (or J“e;lr5000 tech mhjgy in the year

12,000) might come into the \VIPP region and start drilling for oil or gas (which might be in

short supply because of the extensive exploitation before the dc::line of civilization). While these

cxplorationists would have the technology to intrude on the WIPP, they would not understand

what nuclear material was. Ilence, they might release radioactivity without understanding what

they had done.



h“rmdtdqc cf///cI\’IPI’

an!’

1.

2.

3.

.1.

$’Ourbasic scc]);],riosdosrrilj[~ t]lo ]ot’e]ofkl)owlc{lgc th;lt. nligllt rcn]ain almut the \VIP1) at

point in the fllturc prior to intrllsion:

Knowledge remains Of both the \VIPl) il!l(l the danger th;~t it poses.

K1lmi’ldgf? t i o w t markers
hater done tllvir joh in identifying the IVIPP hut riot in pnrtriijring what it is. )

Knowledge rcn};li:lsof ti~c danger of the WI PP, bllt not whore the \l”IPP is Ioc;ltml.

No knoNlwlgr rcnlains of eit.hcr the \\’11’I’or its danger.

It should hv notwl t h;ll the rclm’;lnt f(wpl]rposvs of this section, as wwllas the tech-

n~]Ogira] hn~s~.]~dgr>in th~,pre~~?~]ingsf?cti[)l],is t]l~ knowledge of t}lo for

exam pie, know’ledge might rcmzin of the WJP P in the major human popu lat ;Ml i:entors, hut the

Southwest might be a primitive area I\’itll limited access to this knowledge. In this situation, the

relevant knmvludge is of those who might intrude.

Th~ first situation, ~vhcreknowledge remains of hoth

a threat of inadt”ertent intrusion. Tho thrw remaining

its throat,

I

I

i k

mentioned :-ihove might then take over.

Th~ exact implicat~ons of ca”h of t hfour cases depend on the general level of technological

knowledge of the people involved. For exa:rlpIe, e~.enif the intruders do not understand the danger

posed I)j. the WIPP, if there remains general knowledge about radioactivity, then this will likely

be brought to hear soon after the first symptoms of radiation sickness show up in the involved

archaeologists. Thus, while the implications of the intrusion might be very serious for the archaeol-

ogists, society may have means of coping with the released radioactivity before it poses a !arge-sm.le

problem.

I



Use of the WIPP Region

Attempting t predict usage over 10,000 years is hopeless, The climatological and cultural

resources briefings wc received from Department of Energy personnel and contractors indicate that

the climate and surface resources in the area have been substantiidly more fertile within periods of

relevance for the 10,000 year time frame of interest. In addition, the activities of mankind could

significantly influence the area within the foreseeable future. (Our activities already inffuence the

climate over significant wgions. In tho future, we might change global climate, either deliberately

or inadver~ently.)

Out oj Sight, Out of Minfi-–l’he L’rwme Example

Perhaps the most striking aspect of the regitm around the WIPP site is its distance from

organized political control. The nearby site of Project Plowshare’s Gnome test provides a clear

example. This was the underground detonation of a nuclear fission device in a salt formation to

test, among other things, the feasibility of residual heat recovery. It left a concentrated region of

intense, lcmg-lived radioactivity’ at a depth of 1250 feet (900 feet closer to the surface than the

WIPP repository). Less than thirty years later, a],d only about six miles from the WIPP, there is

clearly little interest’ in controlling and marking the site. The single Gnome marker already shows

signs of weathering and has obviously shifted from its original location. Jn any case, the marker

contains much more information about the test than about any underground h~ard. It is difficult

to visuafize a similar lack of interest if that site were, for example, fifty miles from Washington, D. C.

Step Two — Identify Environmental Changes Increasing the Likelihood of Inadvertent

in.rusion

The most reasonable assumption is that sometime during the next 10,000years the environment

may be sufficiently desirable for almost any use. We concur with the presentations made by the

Department of Energy which indicate that environmental changes at the WIPP site are unlikely

over that period. However, even relatively smafl environmental changes can lead to

substantial socioeconomic changes. Such socioeconomic changes could increase the likelihood of

I
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Table2
Plausible ~nvirolllnelltal C I Likelihood of Inadvertent Intrusion

E● ] r w d

i ni nP lenvironmental changes which could have this contributory function

are Table 2.

Seismic activity is significant only if it facilitates intrusion. In light of the geological stability

at th~ \WPP site itself, this is unlike]}’.

Increased moisture is feasible from several plausitde environme:~tal changes. Climate change

is the most likely, but it is not plausible that such changes would exceed 100 percent. This in-

crement, in whatever form (e.g., increased rainfall or dccmased cvapotranspiration losses) would

have secondary consequences fcr many of the socioeconomic factors listed below. Climate changes

could be natural or human- inducc(l though mechanisms we now suspect, such (asincreases in green-

house gases, or through some as-yet unimagined ability. Increased vegetative cover is likely with

iricreas,-d moisture availability. l’his could plausibly lead to increased agricultural and timber re-

source potential. Both these changes could, along with human intervention, substantially increase

soil fertility}..

Step Three — Identify Key Socioeconomic Factors Enhancing Inadvertent Intrusion

Eight key socioeconomic factors influence the likelihood of inadvertent intrusion into the WIPP

repository (Table 3). Although the discussion below considers these factors individually, clearly

9



Table 3
Key Socioeconomic Factors in Plausible Inadvertent Intrusion

o Economics

● Water

●

● Technological Influences

● Memory I,oss

● Altered Political C!ontro]

● Communication Changes

● Facility ihfanagemcmt

Economics

Economics, as considered here, includes all types of ~conomic incentives and inducements which

might bring about inadvertent intrusion. The Department of Energy briefing emphasized that there

are a variety of physical resources near the Wii; P site with potential economic significance. Ten

thousand years is a long time, and it is not possible to forcscc what might be economically viable in

this time frame. Therefore, any materials in the area could be economically valuable in the future,

with intrusion resulting from exploration or extraction activities. Although exploration could take

place by non-intrusive means, removal of such resources would involve drilling, underground mining,

or surface mining techniques. One member of our team notes that if mankind has not left the face

of the earth over this time frame, ther; we will have stripped the top few thousand feet off the

earth in our quest for resources. Another member notes that if nothing else is exploited, then the

very emptiness of the region is likely to be a resource in an increasingly urbanized world. One

member also suggests that artifacts from the WIPP might be considered valuable. Realistically, we

have little idea what might be a valuable resource in t ‘ew thousand years. After all, radioactive

materials were not useful even a hundred years ago.

10



Wcter

Incre;)sed water availability in the WI1’P region is f;lr more likely through human actions than

environ nwutal changes. Specifically, increased availability could occur because of newly developed

desalting techniques (either for existing local saline supplies or for sea water) and importation (of

sea water or distant potable water).

Poplll;~tion change. particularly population increase, would enh;~ncwthe prob;lhilit.y of inad-

vertent iutrusion. Such population change could be produced by population spillovcr resulting

frmn population IJressures elsewhere; from a government policy dm.isiou which would induce (or

direct) people to live in t III vicinit}’of WIPP: frOllia voluntary relocation prompted by resource

expluita.tion. enhanced agricult ural I)ossibilities, or recreation; and from usc of the area. as a corri-

dor for transportation and migrations. Conversely, population decrease could reduce knowledge of

the WIPP and hence increase the likelihood of inadvertent intrusion.

Technological changes could inflllcnce thq potential for inadvertent intrusion either because

of stagnation or from innovation. Examples of impacts due to stagnation include the Ia.ck of

developing ally non-intrusive exploration methods, thercb.v cwsuring that any futu rc exploration

would ultimately use intrusi~”e m,lans. Impacts due lo technological innovation, a more likely

prospect, incll]dc advancrxl drilling, high-volume wa.tcr desalting (which would affect population

change), deep strip mining kchniqmx (which would reducc the cost of getting to nearby rmource

materials), cancer cu rcs (which would reduce fear and thus memory of danger), the identification

of new resources, and the use of tcchn iques.

11



Memory Lo.ss

?vlemor~.loss is one of the more obvious factors influencing thl~potential for inadvertent intru-

sion. This could come in several forms, including loss of memory about the facility, loss of memory

about the danger (if not of the facility), and loss of Iocal memory (if not institutional memory).

If use of nuclear power occurs for only a short period in the history of energy development in the

world, such an era I]li.ght5C thousands of years in the past, long forgotten, Some form of memory

loss is likely.

Altered Political Control

If assumes a continuation of the present political system and control, the possibility of

inadvertent int rusion is substantially reduced. However. history is sc full of linexpcctcd political

de$.clopnlents (e.g., reunification of Germany) that we consider such political changes certain in

one fornl or anott; er. Once this change occurs, there could be a loss of knowledge of the WIPP, a

loss of linoulcdge about its dangers, or a change in the level of interest about such matters.

Communication Changes

C:hanges in basic forms of communication are likely in the next 10,000years, perhaps moving

completely aw’ay from present and past means to forms wc cannot imagine. One possible change

is in the written and oral forms of the present. Another change could be in the way we store

information, making it difficult for future generations to access information we intend for them to

receive. ,1 middle possibility is a loss of the ability to access or interpret old information systems.

Facility Management

Facility management plays a large role in changing the chance for inadvertent intrusion. If

the facility is enlarged, there will be a greater chance it can be encountered accidentally. If it is

managed for a longer period than envisioned at present, its novelty could diminish to a point where

little special care is given it—it just becomes part of the local environment. If no other or few

other repositories are sited and the WIPP site continues in operation, the continued activity could

increase the chance of accidental releases.

12



Step Four -– Specify the Likelihood that Key Foctors Enhance Ir,advcrtent Intrusion

.\ I)reak(lo\\’[1of the iml]lorlialcl)’ preceding discussirm is providwl iII ‘1’;thlc4. Using :, thrr~-

tier~d qu;dit at il.c scalv. wtI Il;tl”especified t1)(:Iif-wlihomfthat factor will occllr and also

lfwd ~tiinndu~rl(~ll illtru.sion. \\’c such a ]Iunlcrical

scale n] gi~”c;t false scllse of !)recision to the prrmws and tompt one tl drri w’ aIIm’er;l II proh::hilit}

of inadvortellt in!rusion by a process that is diI!lclllt to defcn(]. \\’c have spvcificd mlat itie likclihoods

in ‘1’::hle 1 usinq the qllillitilliJ’(!iIldic;ltors “101s””(1.). ‘“lllv(fiurll””(h] “i.An(l “high’” (II).

Step Five —

Steps

IdeIltify Scenarius

outli pf;lusihlt~r~’liitinllslli!jsiin]nn~ the vitriol]!.Iist(’[1kc~ factors

re present ed g-aphi(-all~’ in I;igllI“e1 l p h also ident ificd the topics for the

narr:, IiJ’esrcllarios found in t

k\:here technology col]tinll,~ to inrro;]so:

— Mole llincr Scen;lrio

— Nanotertlnolog~’ Scvn;irin

N“here society stagnates and revvrses: ‘1’hcDoom ( SccIliNio

Where technology cycles: ‘l’he Cyclic Scenilrio

Wl:wc polit~cal control changes: The Free Stiit~~of (.:hilll];)hllitSceniirio

The Stasis Scenario

,

~

,

1
1
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Tabled
I)clailcd Ilrcakdown of Key Factors

Key Factors

1.0

1.1 Minma.12strac!ion

1 A g

1 D f

1.2.2 Crazing

1 2.3 Irrigated farming

1.3 Land development

1A Artifact recovery

2.0 Increased water

2.1 Desalination

2.2 Importation

2.3 C1limaticchange

3.0 Population change

3 P op

3 i

3 D

3 R eh p

3 V om o

3 Resource exploitation

3.3.2 Agriculture

3.3.2.1 Cjrazing

3.3.2.2 Crops

3.3.3 Recreation

3A Corridor usc
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M
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M
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L

M
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L
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3 Scenarios for Developing Markers

% l c I e f t v s q o t s s o t t
g w a a p rriit”c’d m i t
t a a T I t s f t t a w h o c s
l y I s a b a f h c ( w h t t

Technological Knowledge Increases (Gregory Benford)

As }\rthur C. Clarke has rcmarlwxl, “.An}.s:lfficicntly ad vancml tech nology is In(fist

from magic.”

}-et a m;lgically advanced technology is of no worry for

ncmi fear radioact it’e waste; indeed, they may regard it as a

nguishable

us. l{ohlers of such lore s .:.rccly

valuable unn r rcsour<”~. It is

that the great p}.rarnids. the grandest of markers huinanity has ercctcd, were

sca~’engccffor their marble skins.

The societies which must concern us are advanced enough to intrude upon WIPP, yet not so

far be}.ond us that the radioactive threat is trivial or ncmexistent. Uven though wr here assume

technology improves, its progress nl;t)”be S1OWFand geographically unet’cn-–re{”aiithat while Europe

slept through its ‘dark ages” China (fiscovcrcd gunpowder and paper. It is quite possible that

advanced techniques could intrude upon }VlPP and yet : ~t be able to deal with the subsequent

leakage.

Mole Miner .5’CcnariO

As an example of the kind of techr,ology which can i upon WIPF and has implications

for markers, consider the evolution of mining exploration. Vertical or slant drilling is only a few

centuries old. Its high oresent cost comes from equipment expenses a:id labor. An attractive

alternative may arise with the development of artificial intelligences. A “smart mole” could be

delivered to a desired depth through a conventional bored hole. The mole would have carefully

designed expert systems for guidance and analysis, enough intelligence to assess results on

and motivation to labor ceaselessly in the cause of its m-asters-i. e., resource discovery.

its own,
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The mole moves latcrall.v through rock. perhaps fod by an external energy sollrcc (trailing

fables) or interl]al source. SpA is unncrmsar,y here, so iIs t unnoling rate can I)(’(Illitc lmv-

perhaps a meter per day. It samples Stl”i~taand moves ;~lnllga self-corrcrtillg p;itb to optimize its

chances of finding the desired rcsourre. lnslo;d of i~drill bit, it m;ly use rlvrtron Iw;ims to chip away

at t !Ic rock ahead of it. It will be ;1hlc to “s(’0’”at 1(’;~sti] short dist;]1)ro writh acoustic plllscs, which

then reflect from nearby masses and tell the IIIOICti’lii~tlies in its neighborhood. CA’1’-scan-likc

unraveling of the echoes could yield i! (icl.ailed pirt 11n). t!olllllllilli(”;lt.i(>llwith its surface m~sters

caIi be :hrough the curntwrsomc method of stru ng-ou1 caMcso A more liiml}”picture is that the

mole will use its svismologiral sensors to send mrssagvs bllrsts of ;~cousticpulses of precise design

w’hichJ\”illtell su rfacc listeners t

The dvtails of tho mnle arc ulliIIIport ;Illt. ][ r~,pr,tsf,,]tst]lt~pcssibi]itj, of intrusiml frrm

abrm. but from the sides or mwn below t.ht’\VI1)1’. A“osurface markers will warn it off. Isotopes

could then escape alcmg its allwtdj I t original bore hole, and into ground

water.

(>f I o N d wiil

sur~fi~’ci t a fei{”collt11rios iII t 11(’cr(’rijiIlg Salt Ids. ‘i’hissuggests th rco possibilityics:

A. AcoII.sIicd/.t/o6vious n~(~rkcrs. ‘ i ’ i I ccoul(i he soii(i rork uuiilwiy to silattcr an(i lose silapc

ill tile salt bwis. Large granite (iisiwor sp$cros migi~tiw c;isiiy pcrceivwi i)y acoustic proim. They

might be arrayc(i in two straight IiM’sin Ihe W’]PI) (irifts, intmsccting pmpcn(iicuiarly at tile center:

X marks the spot.

Il. Alo!j:~clicInflri-cIX. ‘i’hcsc coui(i iw magnctizc(i iron ticposits iodgc(i in the WIPP, arraycxi

arti ficiaiij” as (imcrib a b ( s waste containers wili coiiapse into an amorpilous mass

within a CWL.U ry, }Fickiingsome enh;inccwwt of the Iocai magnetic ficl(i, hut this will not be iarge.)

SJ)ccially ma(ic higi]-field pcrmancllt magnets C P a c artifi~i~ i)atterll, the simplest

being a strong, singio diim]c located ;Ltthe WIPP center.

C. Rodioactiue markers. Lcff.at selcctmi sites in tile WIPP walls, but at least meters outside

the bulk of tile waste rooms all(i drifts, small sampics of tile isotopes contained in the WIPP could



warn an approached of impending intrusion. Like similar weak hut telltale markers left on or near

the surface, these have the advantage of showing the potential intruder exactly what he/she/it is

about to get into. Their liability is that probably only certain approaches can be covered.

D. Markers detectable from a dislance. ITinally,these ideas point to a class of markers which can

he see:] at differing distances from the waste itself. Acoustic prospecting in the WIPP

could pick up the granite arrays. hfagnetic detectors, perhaps even a pocket compass, could sense

the deep iron nlarkers from the surface. Ultra-sensitive particle detectors may detect the waste

itself, or small tags with samples of the waste buried a safe distance below ground. (These would

be small amounts, of no health risk to the curious--weaker than a radium watch, yet of long half

life.)

Figure 2 depicts these possibilities,

The risk of marking at all is that future archaeologists, professional or amateur, will intrude

withodt know’ingwhat thc~’arc getting into––the “h4umnly’s Curse“ idea, with the markers them-

selves as the lure.

Lastly, buried markers will work after all surface markers have vanished from erosion, vandalism

or catastrophe. They be the final backup.

***

We arc acutely aware of our time-bound Iirnitations-temporocen trici ty—and so offer a specific

counter-example to pondc. . . .

Nanoteehliology Scenario

Physics has dominate(i our centul y, but biology may well rule the next. The im~ lications of

the Human Genome Project and rapid progress in biotechnology remind us of a more general truth:

The most dificuit realization ubou! the future is t h ait can be qualitatively diflerent.

This means that simply envisioning bigger and better extensions of present civilization misses

much. A prime example is Eric Drexler’s book Engines of Creation, which proposes that, manipu-

lation of matter on scales of a single cell (a nanometer, hence “nanotechnology”) will emerge as a

dominant theme within a century or two.

19
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Figure 2. A Mole Miner Approaches the Marked WIPP Repository
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Implications for the WIPP abound. Intrusion need not come from drilling bits, or even mining

moles. Nature can already intrude into rocks for short dist;mccs with hactcria and lichen. It is not

impossible that biological or biotcchwl for prospect ing and mining will bc common

c u S m in p u I a t m b u

in prospecting for pitch blcndc-or for finding old waste sites.

We introduce this idea specifically because such intrusions do nol lead obviously to any specific

marker scheme, and thus arc examples of what must necessarily bc left out in any probability

assessment. Surely nanotechnology would r;ldi~idly ,altcr our ideas about resources, methods, and

goals-–but we cannot now reasonably anticipate such grand changes.

Technological Knowledge Decreases: Doom and Gloom Scenario (Mart

!)espite the perception of a safer world that developed in the late 1980s,risks o

n Pasqualetti)

calamity abound

out of sight. As examples, no onc yet knows the long-term results from continued cmissions of

carbon dioxide or cllloroflolirucarl)olls. Lven a few-degree change in a~ecragcworld temperature wiil

cause shifts in arable lands and populations. Flooding from glacial melting would inundate coastal

areas now inhabited by billiom of people. !l~creased cloudiness and temperature changes could

profoundly change rainfall patterns. Any of these possibilities could induce incrcascd population

in the \VIPP area, incmasi ng drilling for minerals and water.

Of a g.reatcr dcgrcc of severity, the future may ironically hold disaster as a result of the use

of nuclear power. The extraordinary precautions necessary for the development of nuclear power

are so complex that future accidents are inevitable. Greater usc of nuclear power may pollute

the atmosphere and the biosphere, concentrating in the food chain all sorts of genetically-altering

cedes. This could result in loss of knowledge, abandonment of currently inhabited locations, and

migration to less inhabited areas.

Other potential disasters loom in outer space. Asteroid collisions, unpredicted consequences of

earth wobble, substantial fluctuations in the solar flux, interplanetary wars, and a multitude of other

possibilities could bring about a reversal of present levels of knowledge and, with it, technological

abilities to detect the WIPP repository before intrusion.
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A o t h possibilities could reduce population greatly, !>Ilt the opposite ca,talyst—popula-

t g t ha h s d r I t i n l d a h

cont r f at popul aticm cm]Id continue to inrre;lse

percent per douhling I$eorldwi(iein under .10 years.

resources. and other problems might nlovc people iuto the

pressll rv. cspeciall}” wehenaccompanied h.v partial or tot;~l

a1 its curront r;ltc (somcwha t under 2

]Jol,illatioll prossllr~,, inadequate fOod

of the \\: 11)1’.Greatcr population

loss of infornlation from the past will

result in greater risk of intrusion into the \ I P I t e of such doom gloom possibilities,

Illarkers must hc dmiguod for thc most primitive underst;lnd ing.

Decline and Rebuilding of Technological Knowledge: Seesaw Scenario (Kirkwoo(!)

.5”cennrio.qcript

Following the end of the cold war. active nuclear arms smllggling dc~”clopssince these weapons

a w c oI u r w a l i l region,alconflicts, leading to

i]Icrcasing public opposition to nucle;lr energy in any form. In the Americas, the terror nukings of

sm.eral cities and nuclear pow”erplant disasters along the cart hqualw-prone “ring of fire”

Pacific Basin lead t.o consisteul election of antinucletir candidates.

In spite of opposition, the Waste isolation Pilot Project repository goes into operation and is

filled, closed. and marked.

The decline of nuclear power by itself docs not lead to the decline of cit’ilization, but there is

also a persist cnt failure to develop a suhstitu te for petrohw m as an energy source. Energy hecomes

increasing}’ expensive. This, coupled with continuing worldwi(fc croJ) failures following s:vral

releases of mutagenic suhstanccs, leads to a decline in worldwide standards of living. The wnrld

slips into its long slumhcr.

During the following centuries, church-related institutions maintain knowledge as they had

during the Middle Ages. Howe’.,r, vernacular languages which had bww reii+~ivelystable since

standardization of spelling during the Eighteenth Century return to the more ffuid patterns of the

Middle Ages and before. Eventually, only a

meaning is obscured by unknown references.

few church scholars can read the old books, and the
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The m-emergence of high technology is hindered by the lack of fossil fuels, since most of these

had been mined or pumped out during the late Twentieth and early Twenty-i~irst Centuries. Mean-

while, in the Middle East, climate changes brought on by the greenhouse effect lead to improved

growing conditions. Later, as conditions return to pre-greenhouse status following the end of inten-

use of fossil fuels, stable civilizations grow up around the irrigation systems that are developed

to combat the decline in rainfall. A quest for better sources of power for the irrigation systems

leads to the rediscovery of petroitwm as a possible source of power. The political instabilities in

the region during the late Oil Age had kept some of the oil from being pumped out, so oil-fueled

power sources gradually re-emerge as the oil is exploited.

Travelers from North America return home from the Middle East with tales of the wonderful

machines, and a search of old texts turns up directions on how to build these devices, but a lack of

appropriate fuels limits development of the new technology in N’orth America. Old records show

that muc4 oil drilling had been done in the Texas region, but all the oil seems to be gone in that

area, so explorers turn their attention westward to the Ncw Mexico region. Finally, in the spring of

.5623A. D. an oil exploration team c upon the remains of an irnposlng artifact in Southeastern

INewMexico.

‘-Perhaps tf~ey Ief”tit here to tell us that there is oil down below.”

“Niaybe there is danger. We should consult the church scholars to see if they know anything

about this.”

“Ah, you k t old artifacts—all rusted junk. Let’s drill and find out if there is oil down

there. . .”

Discussion of .%crmrio

The specific scenario given above for the decline and rebirth of technological civilization has

some plausibility. In addition, there are a variet~’of other scenarios that can be developed for such

a decline and rebirth. This topic has been a staple of science fiction for generations.

However, it is a little harder to generate a decline-and-rebirth

by the WIPP are not overshadowed by other dangers. What about

2:1

scenario where dangers posed

all those nuclear weapons and



nuclear reactors? Surely many wore people arc going to be killed by these than by the WI PP. In

addition. most scenarios for a decline include many people dying from famine or (1i

lrnplicntions for Markers

It is reasonably straightforward to a marker that will he detected I)} a cit.ilizat ion that

declines and then advances again. }“-ouprohahly don’t have to worr~’ at)[)llt inf rlldrrs coming ;;t

the site from undmground or releasing autonomous mining machines in the arc;l. ,1 ma rlwr 011

the earth’s surface that is big, long lasting, and not easy to destroy w’illdo the jot). ‘1’hcprimar~”

problem with ;1marker surviving is Iikcly to bc conscious attwnpts to destroy t.. c marlicr during

periods of “book burning.”

A higgcr problcm is making a marker that conveys the appropriate message. J.anguage is Iikcly

to bc very fluid during a period of dcclinc and rchirth. \Vhih?there mitjehe scholars around who still

understand the ancient languages, it is not likely that they will hc involved in mincritl exploration,

However, the comments in the last suhscction arc reicv;ln--it is dimcult to im;~ginc dcclinc-and-

rchirt.h situations where there arc not a lot of other nuclonr matcri;ds around besides those in the

WIPP. Unmista.kablc graphic references to the effects rcsu]ting from exposure to radioactivity may

s ut w o t t s i l o t a k t b d

Altered Political Control: The Free State of Chihuahua (Harry Otway)

This scenario, which is assumed to take place sometime within the next !,000 years, il]ustratcs

a family of scenarios which have in common the alteration of political control over the WIPP site.

Much of the detail provided is for dramatic effect; the scenario could equally well be imagined with

different detail without changing its descriptive validity or its probability of occurrence appreciably.



The Scenario

The year is 2583. The past century has been onc of i)olitical upheaval in what used to be

known as the American Southwest. After centuries of wrangling about diverse interests, economic

inequalities and political represcntaticm, the United States has fragmented into a cluster of smaller

nation states. During this time period similar processes have af~ected the stability of Mexico,

traditionally plagued by tensions between the relatively a!lluent North and centralized political

control based in the South. Its northern provinces have formed the Free State of Chihuahua with

its capital in Chihuahua City, “the jewel of the north. ”

The forntor states of New Mexico and }\rizona, along with West Texas and southern Colorado,

ha~w had massi~.c immigration from Mexico and Central America during the preceding centuries.

They now havv large Spanish-speaking, solltl]~~”ar(l-lookillgmajorities and, when both the United

States and Mexico fragment within derades of each other, elect to join the Free State of Chi-

huahua. f%mthern California and Ilaja California Norte, which differ substantially in historical

and cultural traditions from the nmv Free State, form a separate, more technologically advanced

nation. ) The rvsulting political uncertainty leads to a large-scale exodus of Angles, as well as many

long-established Hispanic families, from the former U. S. territories. Accompanied by forces loyal

to one or the other of the new U. S. countries, they practice a scorched earth policy, destroying

most of the technological infrastructure, especially installations of potentia! military value, on the

northern side of the former U. S./Mexico border. A similar process takes place in northern Mexico,

with many of the intellectual elite from the universities of iMonterrey and Tijuana migrating to

join their counterparts in Mexico City. Diplomatic and trade relations between the young North

American nation states and the Free State of Chihuahua are severed, and border skirmishes are

frequent.

During the ez.rly centuries of the Third Millennium, the maquiladora industry had continued

to grow in northern iMexico. This word, probably of Indian origin, emerged during the Spanish

colonial days with respect to sharecropping practices, and now refers to the assembly of imported

manufactured parts and their subsequent exportation. This industry flourished because of U. S.

laws which taxed only the value added by assembly labor when finished products were imported

back into the U. S. With increasing political instability in both the southwestern United States
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a Mexico, the manuiladora pl; ~nlsnow lay idle, tht’ir sm~liskillld l~llmr forrc t

anything without a supply of prvf;il)ric;lt{’tlp;LrIS. l“llt’l’r(v~S1;)1v of ( !Ilihu;ll)ua is loft w’itllollt all

industrial base.

l’he k’rcc State is also limited i t of ;~~wil;il)l(’II;III 1 \ o M o

reserves arc located in the South and are u iI;iI)](*I(I t o S I ; I

reserves arc found in f“’hi I flw tIwir (listrihilt i(m w“;isd;im;lgod bcqwnd rci)air

in the t urmoil. A similar fato h;]~ affcctcd tII(’en;)I rm(’r~wsnc;ir Pied ra h’c~r;~,w“il{~rosome co;d is

still mined. Iarge]y with hand tm)lfi, rihul[’d A z significant deposits

of silvm. copper, lead. and zinc are, in I)r;ictict’. il;]l?;lil;lt~lf~l)~v”;lIIS(I0[ 1)10l;)rk of tmhnrdogy and

suitable Onerg). SII t

Thp for t s (jf ;11] f)f

St;ito’s Iac!. IJf for~)igncxch;l“Lge poor rrmtit rating. ‘1’hcIProrStalv Iwgins to evolve into

a scavenger w :kty, recovering, rep;iiring. ;lnd rt~usil]gal] av;kilable tw”hnical from earlier

tim[’s. [n a w’;ij”renlinisr[’nt of tll(?Soviw of ( ;erman industry after

World \\’ar 1[. Inll(.h (If the I rv~ St;ll~“s il]telhvt rm)urccs ;we devotwl to 1110location and

recolwry uf tl>aI)le art irlcs, lwpm”i:l11}’irl t II(’h)rmvr [~. S. tf’rritories, which h;ul bww inhabited by

more highly developed tech IIfdt)giral S(wi(.tiw+ I t I o

invasion by the ih’orth ..\III(.riciiII II ) t

\\~),ile~l)aking (lxc~~,;lt.i~llh 1IICS (If the flwmcr S;ludia iXatiorlal J,al)[:r;ifori[w, Free State

resource archaco]ogists discovor references to t \VJJ>Psi!.[’WII ich iJIrludo phl)ff)graI)IISof w’ast.c

barrels Jlllcd with ahandonc(i tmds, cablrs, anti clothing. I a m a ; f W

allow the lociit.ion of the site to be cstablislwd. J{~frrm~cw to Ihc r~t(liw1ctill I at I I Io I Iiu was:{,

are, howe~”m,not foilnd during the f ifjjl is llllliffid diItI

to the discovery of better rrcs of cner~v duriilg the ‘1’wwnt.v- l’irst Cerltur,v.

Upon arriving at the \VII’P site, Free State resource archaeologists find t II, rllll];I;III;of Illar

which iIldicat.e the location of the site w’ithout u ntrans!n itting thf’ lllws:lq~ that ● ~,tw

is danger. There are two schools of thought. one is that tJmre rntlst be danger or (dse i I extw).i v(,

marker system would not have been crcctcd. ‘1’his school is overruled by

certainly not endure for over five IIllndrod yc; lrsand, furthmmore, the site was more likely

2



a primitive technological religious shrine where artifacts were dcpositml precisely for subsequent

generations to find. similar to the .I\nglo rustom of placing relics in cornerstones and time capsules.

The value of the manufacture! goods thought to be buried there carries the day and it is decided

to enter.

1’o make a long stor}. short. the \VIP1’ site is intentionally mind by people unaware of the

potential hazard. aNd all usable waste is exploited. During the mining operation, vessels containing

t ransuranics are brcachwl and contamination results.

The United States and Mexico are the same; how’ever,the Free State of

Chihuiihua’s liberation from the ccntrid controls o M C r t l e o t

N oa s ta f o c Iu Likewise, north of the former border, Mexican-

i\nwrican immigrants, having acquired American organizational and planning skifls, join with the

northern Mexican rel’o]utionaries in a surge of Chihuahua dcve]opment.

‘ the meantime, been gradually converted into a full-scale

miinufactu ring activity due to the introduction of enlightened managemcmt approaches. The Free

Stii’, of in its own right and the ‘1’erbnicalUni-

t“crsit}’of \IOIItcrre}’ has brcome a w“orldleader in developing advanced manufacturing techniques.

l:ag(’r II)do~”umolltand define its cultural and technological heritage. the Free State sponsors exten-

si~.earcha~!ological expeditions to record the achievements of the Northern Mexican-New Mexican

culture. The \VIPP site is only one of many excavated for classical archaeological r As

b c t ir

Bisru.wioli of .51X?n(Jri0

No nation in recent memory has survived for more than a few centuries. The trend is normally

for large states to fragment into smaller ones. For example, consider the Austro-Hungarian Em-

which is today divided amongst at least nine smaller countries, or look at what is currently

happening in the Soviet Union only seven decades after its inception. Union with northern Mexico
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is not critical to th(’ $(l’llill”iO (jllv ralI \’iSlliiliZ(’a l?ari{~t~.(JI”01htIr w’;~)’sfor political control of the

\VIPP site to no longer to r(+idr in \\7ashinglon.

Intercstingl}- rwmgh, I I o l l l c rscholars w“i[11W“tlolllI Il;lvv Sl)oii(’11~.[’s, Ihere rt’iill~’arc

130rdmlaud scholars!) cunsidcr a n of N’ort ~ a t l A m r S hw

t b h credible. 1u f;wt. the}”Iind f;lu]t only u’itII I1)0not iol] that iI rfmld t;dw sv~’~’r;d

y for this to happen; the)’ feel this is i possibilit)’ 011a IIluch short or t iIIlc I’asil}’Iwfore

thr 12.-)}“t*arsof ;icti~e rtlllt rol of the \\’ I1)1)site has elit])sc(l. ‘ s of

the ,\ nlmican SOUthi~xwtwith t IN*{:uit(*(IStatvs ;1sonl~”i r ii~?l}”short q)ismh’ iII its histor)”

l~”llrncon)I)irred to i1s nlllch louger rcliltionship w’it11\Irxiro- Si);!i rccognizo

the possibility of Mexican polit turmoi I ;illd fcwlthat cult ur;d ties colllri ~,asil~ t

regions to each other, csix’ri;d]~”;ls the prcsvnt southwest rnntinuvs its cI I shift as ;! rcsuIt of

orrgoing i from the’ soutll.

implications fftr :U(lrktrs

1 l [llarii~’r(:il:il”;l(telisti(”s;th;it is. t hat the}’ he passitv. dllrahlc

and Cas;l}”dcri p lh I Perhaps till’ 011(’Ilo\”(*l

st rat(’(1here is that it w’ou1(1not I)e possihk I() do arl~”rc(luirw! III;IiIItma II(”(1011tho markers, for

t ( arl(i r]cightmriug t I

ru])t Irrml.

Stasis: 10,000 Years of Solitude (Harry Otway and Gregory 13enford)

Whik there arc infinite number of ways in which there could be inad~”ertent human

intrusion into the M;IPP site, the probability of any sp( cifrwi mode of intrusion is verj. small, The

s cp ri i ma ra non-random

krlow”air[mst nothirrg. What is the rrmaning,

As another approach to foreseeing what

a o W

a

that tile WIP P site rcmai ns int.iolate for 10,000 years. Un(ierst:ln(iing tile message of this scenario

requires some knowledge of ciemcrttary probability concepts. If a series of events are in(icpen(ient of

cacil other, tiwn the prohabiiity tilat ali of the events will occur is the product of the probabilities
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go riglll is ~wr}’high. ]Iowm”cr, t(’II

is 9!).!)percent. If thero are 100 of

these ct(’nts, thr prol)ahi lity of th(w) all goilig right is !)()pvrctmt, If thor~’:Irv 1OOflof these mvwts,

the prt)ljal)ilitJ 01 t going right is 37 permit.

Ilow I I( 11111s1go right oi”er 10,000 years for t lie \\’ II’i’ site to remain inviolate?

‘1’110\\’ I1’1’ sil r gww ill[o (q)l~r;ltionin 1995. It continues in opmatim] for ‘tvcnty-live years.

,althou~h thr inr rf’;win,q irrd(’~anr}? o!”nuclear W’(?Pp to nat inna] defrllsc 11;?.:+C swl a large

rwluction in t II(Iallwunt of infermediatc- level military t gcnerittcd (probability = ‘,’).This has

l!lade thr \\’ ]]‘]‘ slIt) ]ilrgo]}”rw]undant by about 2007; it has 1~ccllkept on a read incss-mainten ance

sched u1~sit)ct~t t i I t M liIwly havv Imw closed without un(luc inconken ient c except for

the need to prcscrt’c political rrcdibilit~. hy Iwcping it in operation in view of the confrontations

that marred its opening.

}\t t he end of its tw.cnl~”-fil“u}w;~rsof operation in 2020. there is i spiritml det)at~ in C~ongrcss

atmut its fllturo. The first issue i:; 1.11(Icost of site closure. ‘1’okeep the site from heing an attractive

nuisance, the build ings i~ll(lal] other surfacc filcijitics must he ram] and the rubhlc removed from

the site. ‘1’hm~arf’ argunlvnts made l.hat, since the site has been largel~?inactivr. the radioactive

h;lzard is minimal. and the fariliti(vi might just i well he adapted to house the homeiess, to use as

overflow prisons, or to provide provisional quarters for the new Univcrsity of the Saltlands. After

some dcla}’,funds for closing the site arc ;~ppropriatcd (probability = ‘!).

The next issue is that of the markers. The markers rccommcndcd by a panel of experts

convened by the now-defunct Dcpartnwnt of Energy in 1990 arc widely vimvm! as extravagant.,

especially in view of the fact that the WIPP repository has not been used to capacity and is such

a controversial topic. It now seems unlikely that the site could ever bc forgotten, its potential

hazard is thought to bc less than originally forcsccn, and it seems politically dangerous to advocate
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large sums of mmwy for it iH ~irw of I1)(’pressing cllrrl~lll serial pr(jl)lf~lllswtlirh fl)ll(n%”vtltho

costly conventional weapons After i (lel)at~’laslillg wt~”er;ilJw;irs,

Congressfinally appropriates JIIOIIO;:for marlwrs (prot);ll)ilit}”= ‘!). :Iltllollgll (l~)sigllrolllpronlism

must be made Lw:aust’ it is not (InollglI10 II;I}?for 1}!(Ioxtellsi~v~Ill;lrkw”s}’stf’illsfwvisi(]uwl ill 19!][1

(proh;ibility = ?).

[This hrings us Lothe hcginni,,g ,,t’wi,strucliml or tl:c markers f(wthe WII)P site, ;iud w,?still

ha~?emost of the 10.OO(Iyr:lr planning pvriod to go ., . ]

l)iscv.ssirn of ,S”rcmrio

T c (t r o t h a a f

● “1’hcrl~111ust be no c nf(~rcsocntech ncdogicalinnrn”;itifIIIwI)icl]u’iII III;!livit siIII!IICaII(IiIICXponsivv
to g int () \\TlPI), and f

● I II I t tu ral shift W’hich V af t f J w N v t problem of
intrusion, transccn ding our (largely ink’isihle tt~us) cult uraI biases, in~”;l]id;iting the assu mpt.ions
(1‘“t IIis docu I[lcnt.

● arise Iio religions, cult.ist, or 11()hhyisl group whir-h f;lstens 011ancient artifacts for
nol(scholarl~?masons and blithel~. int rudes.

● ‘1’h~rtl 1 S h 1 i k t I r

i ’

● I II II h n i rr (h t u ) t ( r 1 1 ( I f I I t h t s I P

● ‘1’h(>re[rtust be Iio u i

occ;tsionc.d l)}’tl i eI th ‘+(’l~’t?s.

● Resource acquisition t])l]st not procmui to the point whwv culturv proccssvs thc 11ppcr
swcral thousand feet of the cart h’s crust.

Estimating the probability of these “non-happenings” is difficult. Ch-tainly, c;jch of thcm htis

a high probability, but the product of many large prohabilitim can still be a small number.
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4. Probabilities

. . . I s t b f t t l b o
i w w t S oU S p t t F C t i
n p ot a o w o d c h h b a a d
g t o t f i t r p t 4 R s t t
a c a d t t h b n d b a i i t r
H v o d a np a n i t t p
r em is m p

—Final Report of the Panel on Deep Strip Mining
( Sm V A

J 1 6

T s c~ st p rof i ni into the WIPP repository. Fig-

ure 3 illustrates a probabilistic analysis based on the most relevant aspects of the Section 3 scenarios.

In our judgment, two elements of these scenarios most directly affect the likelihood of inad-

\ ’i nt n o p control of the WIPP region and the pattern of future

technological development in this region. Figure 3 shows the major possibilities for these two el-

ements in a tree sfructure. Starting from the left side of t!.is figure, political control is shown as

either altering or rcmaining under the “U. S. Forever.” Following these possibilities, branches show

the primary technoloj;ical development patterns: steady incrcasc in technological knowlcrigc, steady

decline in technological knowledge, and a seesaw pattern where technological knowledge declines

and then rebuilds. Finally, for each combination of political control and technological development.

the rightmost branches of the tree show inadvertent intrusion either occurring or not over the next

10,000 years.

To complete a probabilistic analysis of the likelihood of inadvertent intrusion, an estimate is

needed of the probability of each branch of this tree, given that all the events to ihe left of that

branch occur. At the right of each path through this tree which leads to inadvertent intrusion,

the probability for that path appears. This probability is the product of the probabilities of each

branch along that path. The total probability of inadvertent intrusion is the sum of these path

probabilities, which is approximately four percent.

Figure 3 illustrates the calculations for one possible set of probabilities. Note that with this

set of probabilities, the conditional probability of inadvertent intrusion, given that the U. S. retains
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0.0000
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Figure 3. Probability of Inadvertent Intrusion
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p oc o t WIPP r f i ! x 0 + x 0 + ( I = 0 o a

t p eT c op ro i ni g a a Aion of political

control, is 0.5 x 0.001 + 0.1 x 0.001 + 0.4 x = 0,041 or ahout four percent, Thus, regardless of

assumptions about politic;d control of the region, the probahitity of inadvertent intrusion is a few

percent.

The probabilities for all the branches of the tree in l’igurc 3 were dicitcd from each of the four

authors h}’a decision i le ‘ e p ra s i ‘ . Part z of this

table shows the consensus probabilities of the two possihlc statrs of political control for the four

au Ihors, Part b shows the probabilities for each of the three possihlc technological development

patterns, conditional on the political control state, for each of the four authors (Iahelcd “Set l,” “Set

2,’” “Set 3,” and “Set 4.” ). Part c shows the prohabilitics of inadvertent intrusion. conditional on

the state of political control and the technological development pattern. (Note that the illustrative

probabilities in k’igure 3 correspond to “Set 3“ in Table 5.)

Using the numhers in Table 5, the overall probability of in,lllvcrtcnt intrusion for each of the

sets of probabilities is as follows:

– set 1: 0.030

— Set 2: 0.04[;

– Set 3: 0.041

— Set 4: 0.222

The analysis shows that a major risk of inadvertent inlwsion comes from the seesaw scenario

of technological decline and rebuilding. For this scenario, we can estimate the probability of drilling

intrusion. The WIPP neighborhood (approximately 400 square miles) suffered roughly one drilling

per year over the last century. Assuming random drilling, the WIPP appa;ent area of about half

a square mile should then have a probability of about 0.001 per year of drilled intrusion, If over

10,000 years such eras occur a hundredth of the time-i. e., a century in all-then there is a one

percent total probability. This is in general agreement with the probabilities shown in Table5.

Taking both of the analyses presented in this section together, we conclude that the probability

of inadvertent intrusion is a few percent.
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Table 5
Probabilities for inadvertent Intrusion Calculations

a. Probabilities for Political Control States

I’olitic;il Control State

Prolmbilit}’ Set Alteration of Control “U. S. Forever”

Consensus 0.999 0.(-)01

b, Probabilities for Possible Technological Dvvelopmcnt Patterns,
Conditional on the Political Control SLatc

Technological Dcvclopmcnt Pattern

Probability Set Steady Increase Steady Decline Seesaw Pattern

Political Control State: .iltcration of Control

set 1 0..50 0.10 ().40

set 2 0.60 0.05 0.3.5
set 3 0.50 0.10 (),,,0

set 4 0.30 0.10 0.60
Political Control St;ltw “U. S. ForeY.cr”

set 1 0.67 0.13 0.20
set 2 0,35 0.40 0,2.5
sot 3 0.385 0.40 0.25
set 4 0.30 0.10 0.60

c. Probability of Inadvertent Intrusion, C~onditionalon the State of Political L’ontrol
and the Technological Development Pattern

Technological Development Pattern

Probability Set Steady increase Steady Decline Seesaw Pattern

Political Control State: ,Ilteration of Control

set 1 0.01 0.05 0.05
Set 2 0.01 0.10 0.10
Set 3 0.001 0.001 0.10
Set 4 0.06 0.30 0.30

Political Control State: “U. S. Forever”

Set 1 0.01 0.0.5 0.05
set 2 0.01 0.12 0.12
Set 3 0.001 0.001 0.10

Set 4 0.02 0.10 0.10
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An !mportant Note on Deep-!’uhm Consequences

I tis crucial to rwognizc that we must free our thinkir~ fronl Twentieth Century notions

of consequences when considering inadvertent intrusion ovei ~he next 10,OW years. It would t)c

surprising indeed if 120th Century drilling rigs were still drilling Twmtieth Century threc-and-a-

half-inch bore holes. It is thinkable that a 120th (’cntury rig would be able to excavate the elltirc

WIPP site in, say, ;i day or in an.v case well before its operating crew was able to comprehend what

it had done.

In short, the consequences of an inadvertent intrusion in the “deep future” arc likely to be

incomparably grea m than those of a present-day intrusion.
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5. Conclusions and Recommendations

WIPP (hwip), If. [l)ro~.<flng. u!ll~pill rcfcrcllcc to ancirnt religious flagclliItiO[l
rites] A 1tlthc / D ( ) u r s i h o t
s g C w w t f w a v w t s s
p g eI a i o valuahlc

Somea t t s l i a s i
o a m s m i r t t s i t o )

– S
7 / X E

. earlier comment hears rcpwlti ng: ‘1’11(’scrndrios i arc IIot meant to bv cxhtlustive hut

r l “ eof the range of si1 S t \Vl 1’1) Illust add fess. There

a a v o n oscenarios that wc hatw uot addressed; v.g.. if a ci~’ilization uses black

holes, antigravity-, or tcleportion in their mining operations, then the radioactivity o the WIPP

will probably not give them nluch trouble.

Conclusions

1 It is our consensus t

r

A

the probability of inadvertent intrusion into the WIPP repository over
the next ten thousand years lies between one and twenty-five percent.

Other subsidiary ccmclu:imls arv

2. Inadvertent intrusion Irum directions other than abot”e tho WIPP is rredihlr. Inadtvrtent
intrusion is possiI)lc from an~e

3. C;reat changes in societ}eare likely. In particu]iw, the 10ssof pcditical control by the United
States goi’ernment as we now know it seems certain.

4. Knmvlmige of radiation (Iitllgers cou!d declinr. Thus, \\’IPl’ intruders nlity fail to fathom the
threat or correctly interpret markers.

5. Changes in population density could affect the probability of inadvertent intrusion: Population
iRcr[’asecould !ead to land/resource use prcssurm, or population df?crcasecould lead to a decline
in loca! memory of the WI PP.

6. Better desalting techniques will probably arise, leading to greater water availability near the
WIPP site.

7. Substallces found in the area of the \$’lPP site, for example magnesium, are likely to become
resources of value, especially if political changes result in a landlocked nation.

8. Inadvertent intrusion by persons unable to understand any present language is credible.



Recommendations

ivJarker Recommendations

1.

2

3

4

.

6

Range of markers. Erect a wide range Ofmarkers which arc detectable at a distance from
the \vIPP.

Variety of Media. Encodeinformation about the site in a wwicty of media.

Wide information dispersal. l)isperse informationabout the WIPP widely to libraries and
other information repositories.

Spherical marker strategy. Stress a “spherical marker strategy” which deploys markers
apparent fronl aboi’e, beside, and helow the W’1PP facility.

Broad sensorium. Include passive markers ob~”iousto acoustic, magnetic, and radioactivity
detectors. Consider detection by a non-human. technological seusoriurn. The markers must
provide disincentives to drill or explore.

No-marker strategy ? C’onsidera surface marker” strategy, or a “soft” marker which
erodes in a few centuries, to meet short-term marking needs. IIidden markers could still be
placed undergrounci, ‘1’hisavoids attracting curiosity seekers, yet tile hidden markers below
can warn off high tecilnoiogica] societies. l’i~erisk lies in the Seesaw Scenario, since wildcatters
in a reviving era receii”eHOwarning at all.

Marker Development Process Recomntendations

7,

8.

9.

10.

Overlap and continuity. Establish a standing group devoted both to further scenario anal-
ysis and to marker (development. Membership of this group should emphasize continuity,
starting with overiap between the Inadvertent IntrmsionPanel and the Marker Panei, so that
ideas nee(i not be reinvented. Tile group siloui(i make continuing recommendations based on
the evolution of tile WIPP, political constraints, and resuits of further scenario refinement.

Panel diversity. Assurethat the marker development team includes individuals with a wide
variety of cultural/ethnic backgrounds, with particular emphasis on Hispanic cultures.

Indepel~dent review. Establisha regular review process by independent researchers to
review the work of the marker development effort.

To Mark or Not To Mark

The crucial decision confronting the Marker Panel is whether to use surface markers at all. A
“soft”’ surface marker whicil erodes in a few centuries will cover the short-term possibilities,
and then avoid curiosity seekers in the far future. High technologies wili still be able to sense
the buried markers.

Much of the Egyptian legacy came from King Tut’s tomb, the only major unviolated burial
site. It was covered by the tailings of a later tomb. Unmarked, it escaped the grave robbers.

13ut not marking the WIPP imposes ignorance on our descendants, who may wish to avoid the
site but could no longer locate it well. Also, low-tech wildcatters in re-emergent technological
societies would have no warning.

This raises serious ethical issues which the IMarker Panel should consider and document.

37


