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Introduction i

The New Mexico State Legislature recently enacted legislation

(12-9-1 to 12-9-12 NMSA 1953) expanding the authority of the State

Environmental I=provement Agency to regulate uranium = ills in the

state. In particular, the Agency was authorized to require pay =ent

from all licensed M1T a in the state into a centinued care fund.

The purpose of this fund is to provide for the maintensuce, in

perpetuity, of the mill sites after decc - 'ssioning, especially

' the tailings pile. The Agency may require each =ill to contribute

up to 10 cents per pound of yellowcake (U3 8 ' "** * ** '
$1,000,000 has been deposited by that 2111. -

In this paper it will be argued that even the cax1=um amount

is not likely to generate an income stream which would support an

adequate maintenance progras. This is a parable of the futility

of writing dollar a= cunts into legislation in the presence of

persistent inflation.

In the first section I compute an esti=a:ed annual naintenance

cost for a typical 5,000 ton per day (:pd) =1*l. In the second

section I ce=pute .that =ill's contribu:i:n :o the continued care

fund, and co= pare 1: to the *-* endo.nen: necessary :o generata

revenues sufficient to cover those costs. In :he third section we

vill discuss the calculaticas.
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I. The Cost of Continued Maintenance

A uranium mill processes are to re=ove uranius oxide (U 0 ),
3g

which is then sent to the enrich =ent plant for further processing.

Typical ore grades are on the order of 0.2 percent (as U 038'" "

means that on a tonnage basis virtually all (99.8 percent) the ore

processed is vaste, or tailings. The mills are quite efficient at

removing uranium, as over 95 percent is cap:ured. However, a

significant a=ount of radioactive sacerial re=ains in the tailings,

principally due to radium and thorium. Inas=uch as radium has a

half-life of 1,600 years, the piles will centinue to emit radiarien
,

on a ti=a scale which is for practical purposes an eternity. This

radiation is a threat to the health of future generations; hence the

need for continued care.

At each mill site the centinued care fund =us: be sufficient

to meet the following expenses:

(1) Fencing - It is assu=ed in this paper that a f ence will

sur cund the tailings pile. This fence nust be replaced

when it wears cut. In addi:ica, secti:ns =ay have to be

repaired or replaced annually, due to washouts, theft, etc.

(ii) Menitoring and Recair - On a regular basis, perhaps once

or t.-ice a year, the site vill have to be inspected, and

repairs =ade if the structural in:egrity of the pile has

been co=preaised by erosion, ani=als, or other cause.
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Groundwater quality will also be monitored. Although

migration of radioactivity from the site into nearby

aquifers is considered by most experts to be very

unifkely, the possibility =ust not be discounted.

Otherwise there would be no need to monitor ground-

water. Correction of such a problem could be
.

cc'21eved at enor=cus expense, if at all.

(iii) Emergency In case of natural disaster (earthquake,-

flood, etc.), repairs to the pile nay be necessary.

(iv) Unanticioated problems - By definition, at this time
.

it is in~possible to say what those problems might be.

Suffice it to say that at sc=e existing stabilized sites

(such as Monticello, Utah) proble=s have been encountered

which were not anticipated at the ti=e of stabilizatier..

The most extensive work on the problem of stabilization and ..d.n-

tenance of tailings piles has been dene by Fard, 3 acon, and Davis - U:ah,

Inc. FBSDC has cecple:ed a series of ces: s:udies en the cost of stabilizing

a nu=ber of abandcned tailings piles thr:ughou: the West. Reper:s have

been pblished (" Phase II - Title I Ingineering Assess =ent of Inactive

Uranius Mill Tailings") for about fifteen such sites. In additica :o

estimating the invest =ent cost of various stabill:ation alternativas,

these reports also esti=ated the annual cost of main:enance. F3&DC

naintenance cost estinates for four abandened sites on the Navajo Raser-

varion are given in Table I.
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Table I -

Estletated Pfaintenunce Costa for Four Abandoned Tailings Piles on the
;

llavajo Recorvation

(Source: Ford, llacon, and Davia Utah, Inc., " Phase II - Title I
Engineering Auueaument of Inaction Uranium ) fill '

Twilingu," Four Reporta, USERDA, Grand Junction,
Colorado, 1977.)

.

Flexican llat, lionumant Valley, Tuba City. Shiprock, '

litah Utah Arizona New iferico

Total alte area (acrea) 555 90 88 230 i
'

Tat 11ngo pile area (acres ) 68 30 22 72

Tallingu pile mauu (10 tonu) 2.2 1.1 0.8 1.5
I b

Tullings pile heluht (ft) 3-14 55 (max.) 16 (avg.) 14-40 '

Annuut maintenance cout $12,000-15,000 $8,000-10,500 $20,000-24,000 $14,000

CD
,

CD
CN

W
.

U
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A telephone conversation with F35D7 engineers established that

the major ele =ents in the annual mainta-ance cost vere the cost of

fencing and the cost of repair of the pile itself (recontouring).

It was estinated that fencing would deteriorate and require replace-

=ent every ten to fif teen years, at an installed cost of about $10

per linear foot. In their opinion, the fencing cost would be the only

significant cost at a new tailings pile. The~relatively high estimated

annual cost of recontouring at the abandoned sites was due to the fact that

the piles had not been designed properly. Presu= ably, future piles vill

be designec' in such a way as to be =uch : ore stable structurally. Based

en thef.: co-cents I. concluded .that the annual cost of nenitoring and oc- -
-

casional repait of a site using state-of-tHe-art design =ethods night

be as lew as $2,000 per year.

This is one reason to expect continued care expenses to be some-

what less at newly designed sites than a: old ones. On the other hand,

the ctv sites are likely to be such larger: about 33 =illion tons for

a 5,000 epd plant (see Table III) ra:her that one or two =illien cons

:ypical of the sites in Tabla 2. The new sites will therefore be auch.

larger in area, and :herefore will have a gre2:er peri =e:er, which of

course is directly proportional to the cost of f ancing.

Table II gives data on the five ura:1== = ills new in operatien in

New varico. The average capacity of these nills is appro<'-2:ely 5,000

tpd; apparently, future sills will also be approxi=atel'. tha: size. As,

shown, the tailings piles are considerably larger than those examined by

F3+DU. Moreover, vi:h another decade :: 30 before closing dcun, they will

bece=e larger still.
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Table II

Some Churacteristico of Uranium Hills Currently in Operation in
New Mexico

(Source: New Mexico Environmental Improvement Agency)

j Hill Capacity Expected Tallings Pile

; tpd Remaining
Hass (10 tons) Hax.lleight (ft) Area (Acren) llypotheticalI.i f e ,Yearu

Fenced Area *

Anaconda 6,000 9 17 24 270 4000 X 3000 ft.

| Kert-McGee 7,000 7 23 100 265 4200 X 3000 /t.
|

United Nuclear-'

tiomenture 3,400 7 19 70 150 2000 X 4000 ft.
:

160 acresSohto 1,503 15 catimated maximum area =

i
lini ted Huclour-

Churchrock 4,000 17 catimated maximum aren 160 acrea-

i
,

i

'
_

A,

The maxfinum length and width of LI e exiuting pile, entirrated from mapa.

CD
CD
&

.

L.r4
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Let us turn nov to the probles of esti=ating the annual continued

care expense for a hypothetical 5,000 tpd mill. At a capacity factor

6
of 90 percent, such a mill will produce 33 I 10 tons of tailings over

the course of a 20-year lifetime. The problen is, how do we convert

that = ass of tailings into a perineter, need,ed for the estimation of

fencing costs? It can be done, but a few assumptions about the shape

of the pile art required.

We begin with an observation frem geenetry: given any tco similar

solids, the ratio of the areas of corresponding f aces is proportional

to the evo-thirds power of the ratio of volu=es, In synbols, if A is

area and V is volur.e,
-

A=bV. (1)

New assume that our representative tailings pile has an area-vole =e

relationship ec,ual to the average of the top three entries in Table

0
II. For this average, A = 228 acres, and V = 20 I 10 tons. Using

(1) , we find that b = 31 (wher. A is neasured in acres and V in

2illiens of cons). Substituting a nass of 33 I 10 tens in:o (1)

yieldr, an area of 320 acres.

The rela:1cnship between area and perimeter again depends en

shape. Loosely speiHng, the more closely a figure approx'-'tes a

circle, the cmaller its peri =eter. 3ut :ailings piles are desiccated

i=pcund=ents, and as anvene vill agree who has ever locked a: an aerial

photograph of an artificial lake, their shapes are very irregular

indeed. Minimi: ng tha aucun: of fence needed neans that sene additienal

806 334

- . - . _ - . - . - _ . . . - .- -



.

-8-

area sot covered by tailings =ust be contained. It is assu=ed to

be 10 percent. Loosely, the perineter depends =cstly en the ratio

of length to vidth; the exact shape of the figure is not so

inportant. Here it is assu=ed that the atea can be enclosed by a

rectangle whose width is one half its length .

These calculations are presented in Tab? a III, wh2reupon we

find a perimeter for fenced area of 16,800 feet. Assu=irg fencing

costs of $10/ linear foot (F3&DU typical value), a fence lifeti=e of

12 years, and an annual =onitoring/ repair cost of $2,000, we have

an annual continued care expense of $16,000. This esti= ate does
.

not include an allowance for surprises or energencies, so it =sy

well be a low esti= ate.
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Table III

Calcula:10: of A usi ''''- - ac:a P. pense f:: ! ailing
Pile .t: E7pothe:ical 5,000 :pd Flan:, 20 Tea: Life:i=e

61. ::a1 *- cal :a''' gs p::due icn = 3CCO ::ss I 220 dav = 1.53 I 10 ==,j r,y
day yea:

(90 perce:: capaci:7 factor)
5 02. I.ife-'-= ca"'ags pr:due:1ce = 20 I L.65 I 10 = 33 I 10 :::s.

3. Is ti=a:ad area af => '' # ss pile =

32 I (33) acres = 330 acres = 14.3 I 10 sqf:. (sae :ss:)

4 F.sti=a:ad quas:1:7 cf fa ca required:

Assu=p:iccs: (L) Te:ced Area = 1'C: of pile area .

(2) Fe: cad Area a rac: angle s I 2s
4.

Fenced Area = 14..' I 1.1 = 1.5.7 I 10~ sqd:.
,

s= 2300 f:.

Per1=e:a: 5s L5,3C0 f:.= =

3. Fe:-' ? ces: a: $10/?' ear fec: 5153,CCG=

LLia:1:e ci is:ce = LC-Li 7 ears ; ass =s *.1.

Een:e cc as average basis :he ::s: :f facci 3 is 51 ,:CC.

Fe: ' g ::s: and ide span ass =;:i::s vara _ada aica :alep' : e:
cc versa:ie.s vi:h ?::d Za :: and Oavis e g neers .

5. A =uzi c:1:::1:g a: e'--* acce c:s: 'er:1 sive f f a::a' vas
4

:ake: := ':e S:.,;00! ez:.7

7. :::a1 m---'1 ::s:: Sla ,CCC - 1,7CC = 515,0CC .

Note: I: is explicitly assu ed -h: ravaga:a:ic vill ec: be required.
Revege:atica may raise c sts to $50,000 per year (~,.J . 2cy* e, " A ? :pesal_

f or Finaced:s :he S tabilizatics and ''2'-:enance o f '!:$ '"- '"'' ~$'''ngs,"
Depart =en: f Ecescutes , C:iversity of Nr.v ''er.::, Albuquerque , '.'sy 1976.

3 M g renE @B M AJ 806 336
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II. Is the Continued Care Fund Adecuate?

If the revenues generated by the continued care fund are success-

fully to cover its requirerents, then at a =ini=un the contribution

of each mill must generate revenues sufficient to meet the annual

routine maintenanca expenses of that mill's tailing:, pile.
,

At the mari mn, levy of 10 cents pc. pound of U 0 " " #*P#*S****-38

tive 5,000 epd mill vill contribute $660,000 :o the fund in its initial

year of operation and $340,000 its second year. At that point the

statutory limit of $1,000,000 vill be reached, and the mill will
-

.

make no further contributions. This fund is then invested by the

state treasurer as he invests other state funds.

At present, state sonies are invested in state banks at interest

1/
rates equal to that offered by Federal securities. -Thus, short-ters

investments are =ade at the rate of U.S. Treasury bills, while long-

ters invest =ents are made at the U.S. Treasu:7 Note rate. Since the

continued care fund is not to be used for twen:7 years, when :he =ill is

abandoned, presu= ably the funds collec:ed vill be considered long-term

invest =ents. Recently, the average yield of Treasury Notas has been

2/
about 7 percent - If the continued care fund contributien of the

represen:ative 2111 is invested at this interest rate, 1:s balance in

twenty years will be $3.5 =illion, which at 7 percent in:eres: generates
_. . ..

an annual incere of $247,000.

-1/ Personal cc==unication, Mr. Davidson, New Marico State Ireasurer's
Offi ce , January 4,1978.

-2/ U.S. Depart = cat of Co=nerce, Survev of Curren: Business, p. S-44,
h()h j)[October 1977.

_ _ _ . _ _ _. . _ _ _ _ _ ~ _ ._ . . _ _
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It would appear at first glance that this su= is enou;;h to

=aintain the pile in fine style, but, due to inflation, appearances

can be deceiving. Ecv large an endov=ent is required to be able to

pay one nill's annual caintenance expenses without eating into the

principal?

Suppose

K is the size of the endev ent at the end of year t,

C r.he maintenance expence during year t, /g

r the rate of interest, and

i the rate of inflation.

We have the following relationships:

(1) C = C ,y (1 + 1) C (1 + i )=
t t g

(2) K =K, (1 + r) - C

If the purc % <ing pc.tr of the endov=ent is to re=ain constant, then
,

we =ust have K C a constant for all t. If so, then we have a third
: t

conditicn:

K = K _L (1 + 1),
t t

and therefore

Kt-1 (1 + 1) = Kt-1 (1 + r) - C, A (1 + 1),,

-

so that

_r .i or K =C [1 + 1 for all t.t-1 =
,

K 1+1 kr-i
t-1

806 338
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In other words, the endowcent =ust be at least (1 + 1) / (r - 1)

ti=es as large as the e-n'1 expense: otherwise the purchasing

pcwer of the endowment will eventually be driven to 0. (This fac: is

discussed further in the Appendix.)

Note that when i = 0, we have C/K = r, the rate of interest.

This suggests that we =ay < onsider (r - 1) / (1 + 1) the "real".

rate of interest, ceasuring the returt to the endow =ent not is current

dollars but in purchasing power. This value is not very sensitive to

the absolute value of r or 1, but to the differe=ce between the:1.

In order to deternine the d-4 ac:eptable value for I, we

need to know what future ra:es of interes: and inflation will be. Tha:,
-

.-

of course, is i=cossible, but by looking a: the past we sight be able

to =ake an intelligent guess. In Table I7 are twenty-year histories

of the Treasury Bond rate, the overall race of inflation, as =easured

by the Gi? deflator, and the rate af increase is construc-3 co s ts ,

as =easured by the DiR Suilding Index. There is a palpable break

in these series between the firs: decade, characterized by low in:eres

and inflation ra:es and relative tranquillity, and :he =cs: races:

decade, characterized by high and ve y vola:ile infla:i: ra:es, and

highe- #--a es: rates.

Cecscicnally it is said :ha: the * - -=s : rate for a securi y is

:.ade up of three ela a e - -d e preference, plus the ia:e cf inflacion,

plus a risk pre =ius (which is zero for the securi:ies we are speak' g of,

T.S. Treasury Nctes). This is of ccurse sicolistic and can be =isleading.

806 339'
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Table I7

Compariscu of the Treasury Bond Yields the Rate of
Inflaticu and the ENR Ccnstruction Cost Indez

Tear (1) (2) (3) (4) (5) - (6)
Treasury Bond % Increase 2 Increase in (1)-(2) (3)-(2) (1)-(3)

Yield in GNP ETR 3uilding
Deflator Indez

77 6.94 4.96 6.78 1.98 1.82 0.16
76 6.78 5.27 9.10 1.51 3.83 -2.32

75 6.98 9.62 8.41 -2.64 -1.21 -1.43

74 6.99 9.54 5.87 -2.55 -3.67 1.12
73 6.30 5.92 8.53 0.38 2.61 -2.23

*

72 5.63 4.14 10.46 1.49 6.32 -4.8,3
71 5.82 5.10 12.96 0.72 7.86 -7.14
70 6.59 5.11 5.70 1.48 0.59 0.89
69 6.10 5.27 9.57 0.83 4.30 -3.47

68 5.25 4.49 7.38 0.76 2.89 ' - 2.13
67 4.85 2.94 3.24 1.91 0.30 1.61
66 4.66 3.28 3.80 1.38 0.52 0.86
65 4.21 2.78 2.43 1.43 -0.35 1.78
64 4.15 1.56 2.97 2.59 1.41 1.18
63 4.00 1.47 2.42 2.53 0.95 1.58
62 3.95 1.83 2.09 2.12 0.26 1.86
61 3.90 0.89 1.56 3.01 0.67 2.34
60 4.01 1.70 2.12 2.31 0.42 1.39
59 4.07 2.21 4.14 1.86 1.93 -0.07
58 3.43 1.60 3.14 1.83 1.54 0.29
57 3.47 3.37 3.65 0.10 0.2S -0.13

Aversee Di'ference

67-77 0.53 2.33 -1.80
57-66 1.92 0.76 ~, .15

806 340
--. . _ _ . ._ - . . _ . ..



-
.

-14-

For one thing, it is a concept which considers only the supply of

investment funds; an investor would certainly like to get a return

equal to the above sen, but the de=and for funds =ay not allow it.

Besides, an investor is interested not in the current inflation

rate but in his expectations of the future. The insight as well --

_

as limitation of this conception are suggested in Table IV. As shown,

the rate of interest exceeded the overall rate of Laflation by one

to three points except for a period in the early seventies, when

the rate of inflation w:: very hf ah (col. (4)) . It is plausible

that during the early seventies long-run inflation expectations

were sufficiently below actual inflation for it to exceed the -

interest rate for a couple of years. In the earlier decade, the

expectations of inflation were =uch more closely in line W th then
.

current values, and the difference between interest and inflation

rates was =uch closer to true cine preference. Today, it is widely

anticipated that inflatiet wi1Leontinue at an annual rate of 5

or 6 percent for at least another decade. If so, perhaps the

earlier, nore stable relationship between interest and inflatics

will reassert 1:self. That is the assu=p:ica here. If inflation

is 5 percent per year, the rate of interes will con:inue to

be 7 percent per year.

But obviously, scods do not change ,: rices at the sa=e rate,

which neans that che changes in purchasing pcwer depend censiderably

en the good to be purchased. In the presen instance we are

interested in the changing price of ecnstruc:fon services -- earth

806 341
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moving, fence installation, and the like. Of the many construe:1on

price indices available we choose the ENR Building Cost Index. A

virtue of this index is its availability - it is reported =onthly

in the Co==erce Department's S'irvey of Current Business. It has

on2 serious flaw which apparently it shares with other const:".ction

indices: it ceasures increases in the price of inputs (steel, lumber,

cement, skilled labor), instead of outputs. Thus, it does not register

te< hnf cal innovations which allow fever inputs to be used, and neither

does it record the extra construction costs which =ay be imposed, say,

for environ = ental reasons. Nonetheless, for lack of anything better

the ENR Building Cost index will be used, though it is reco bized
,

that it may i=part a slight upward bias to construction cost

increases.

-

From Table IV it is apparent that over the past twenty years the

cost of construction has increased faster than the overall rate of

inflation, especially 12 the past decade. '4hy construe:1on cost

increases should have accelerated in this period is not clear. In

the 1957-1966 decade, when econceic rala:icnships were apparently

: ore stable, construe:1on costs increased alcut one poin: faster

than the overall price level.

Consider new two cases, one in which the rate of inflation is

6 percent and che other in which the ra:e is 5 parcent (for both the

interest rato -is 7 percent) . Ecv big an endevnent is.necessary to

generata an irec=e sufficient to cover the costs estimated in sec: ion I?

806 342
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Case I. i 0.06=

The cost in 1977 dollars of =aintenance is assu=ed to be $16,000.

In twen n years, the cos: * rill be.

C = $16,000 (1.06) $51,300 (1997 dollars).=
20

K= C [1 + 1 $51,300 (106) = $5,400,000.=

\r d

Sur the cash balance in 1997 of the n111s' centribution to the continued

care fund is $3,500,000. The fund would be exhausted af ter paying

expenses for about 110 years (see Appendir) . For it to be 5,400;C00,

in 1977 about $1,400,000 (in 1977 dollars) veuld be requiped. ~

Case II. i 0.05= -

Again, acnual costs are $51,300 in 1997 dollars. The ende =ent

required at that ti=e is

'

K =C 1'i $51,300 (53) $2,7CCO,CCO, (1997 dollars)= =

;_<

.hich is easily covered.

Ecvever, cc sider a rJ.11 op ' g in 1385. ~~he sire of the continued

care fund ec :ribucicu re= alas the sa=a in cu ren dollars: 51,000,000

beld for eventy years a: 7 percent. This :1 e, hcvever, the sill is act

abandeced un:il 2005 ""he a-wn1 =ain:=- e e : s : in tha: year is

$81,800, in 2005 dellars. Se ende.:en: required a: tha: ti=e is

($81,800) (53) $4,200,C00 (2C05 dellars).=

806 343.
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Any nill opening after about 1982 vill not contribute funds,

sufficient to provide naistannnee expenses in perpetuity. This is

no accident. The way the law is written, as long as the inflation

rate is positive, there . rill co=e a year when the continued care

funds collected fren a nill opening in that year vill not cover the

cost of naintenance. Such is the pcwer of the exponential functiva.

_

%
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III. Conclusions ,

Two rather obvious points emerge fro = the analysis of :he preceding

two sections. In the first place, our infor=ation ase could under no

circu= stances be described as a=ple; accordingly, the esti=ates =ade in

the preceding two sections are quite prone to error. For the estinate

of annual maintenance cost, two asst =ptions appear to be especia11-|

crucial. It was assu=ed that the tMHugs' pile would have to be

fenced off. If this is not a t.ecessity, then apparently the annual

maintenance cost can be cut to a fraction of the value esti=ated here. -

On the other hand, since there was no way of esti=ating the -cal cost

of e=ergencies or unanticipated expenses, the possibility sas conveniently

ignored. Conceivably these expenses could turn out to be an enor=ous

burden, in which case the annual maintenance cost has been grossly under-

esti=ated.

Likewise, two asst =ptions are of special i=portance to the calculation

of the real value of the continued care fund c:::ributica from one mill.

The first is the difference be:veen the ra:e of 12:erest and the rate of

inflation, the "real" rate of interest, if you will. Exa=ples in Section

IT indicate that when the difference is only one percentage point the

continued care fund would not be auffi .ient to tee: the esti a:ed egenses,

while a two-point difference would easily p:cvide enough funds. An

equally critical variable is the race of inflation itself, which gives the

rate at which the contributien of future mills declines in 231 ter=s.

.
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The second poin: is as obvious so hardly to require =ention.

The only v , .o c14-4nate ec= ole:ely the possibility that the srate at

so=e fucure time will face the expense of tailings pile calete=ance

is to eld 4 ate the piles altogether. In other words, a continued care

fund guaranteed to protect the states' interest for all time would

necessarily shut down the industry. This extre=e is clearly beyond

the intent of the legislation, but short of it no fund is sure to be

large enough. This is of ecurse due to the uncertainries centioned above,

which loc = unusually large here because "all ti=e" is such a long ti=e.

Ecwever, it would be invalid to conclude that nothing can - or should -

be done. Policy-=akers are nearly always faced with uncertainty; this -

happens to be an extreme case.

The probles is to give operational =ea-* g to " perpetual care,"

a definition which weighs the needs of the s:2:e and the resources of

the industry. To that end I would like to sugges: two cri:eria which

a perpetual care fund =ust satisfy:

(i) Based on currently available inicr:a:ica : ecs:s and

interes: and inflatice ra:2s, the i =d shculd genera:e

an incere scras stificien: c nee: all ' =-'- e costs.

*'e may not k cv wha: the future vi'l 3 ring, Su :he funda

shculd at least be adequate accrrding to cur bes: 'ccwledge.

(ii) The terns of the continued care centri ~:utice should be readily

al: era 51e as new infor=ation Sec=es available. ~hus, the

perpetual care cont:15u:fon fr= a mill cpening. say, :en

years from cow should reflect :': addi: .a1 years' da:a

abcu: infla: ice and = sic:enance ::s:s,
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It is apparent that for the proposed New Me cico regulation the second

of these conditions is not satisfied, and, based on the infor=ation used

in this paper, at least, neither is the first. Perhaps a more effewtive

policy world be to re=ove the upper bound :.s given in the statute and
.

delegate to the New Mexico Environ = ental I= prove =ent Agency the responsibility

of setting the continued care fund at new ~*M a. It would then be up to

the Agency to review periodically maintenance responsibilities and their
/

costs. In addition, it might be wpropria:e :o review the contribution

of a mill just prior to its dec. dssioning. '"his swid allow adjust =ents

to be =ade if conditions had changed substan:i'1Ty over the life of the -

su.
.

.
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Mathematical Acce: dix

In this section we de=enstrate sc=ewhat nere rigorously that

the ratio of an endov::ent to the expenses paid ou: of it nust exceed

(1 + 1) / (r - 1) to avoid erosien of the principal. Recall

K balsnee of endov=ent, end of year t,=
g

C expenses during year c,=
g

J

interest rate,r =

i inflation rate.=

Expenses grew at a constant rate, so that
.

C (1 + 1)*.C (1 + 1)C = = =g g_y ...

The basic accouncing equatica is

E =I (1 + r) - C .g g_y

Expansion of this accounting equati~n yields

I K (1 + :) - C
t ,. te =

,

t - 2 (1 + :)' - C _t (1 - ) - CI=

t :

t-1

o (1 + :)' - E (1+:) C
.

=I= ... e-j
i=o

,

o (1 -- r) * - C 'E' (1 + rY (; - 1) -3I=

o *

j=o

Therefore,

~

I I K 1l - -I 1 - :]. j
~

-

_t t = ._a,

C Co (1-0 _ C 7 A < - ' . <r
--

t o _- _ i.o [-]
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The secced ters on the right hand side equals

t

(1+r , _

1+# *1+1 1+r -1.
.

1- 1+r r-1 1+1
a1+i -

Eence,

- -g g _ -, ,
't = o -1+1 1+r +1+1 (2)-

C C r-1 1+1 : -ie o
-. -

#
Since r>1, /i + r is unbc.uded above.

4+
If I < 1+1 , then K eventually becc=es negative.

..
_r+i

C C,-o -

In fact, we can use (2) to est -=ce hev 1cng an endescentd

. rill last if I <C 'l + 1 Set the right-hand side of (2) equal.
0 0

..i

to zero and solve for t.
. -

This yields
1A i\

. .)' *
/

_

1+1 K-

#
r-1 --

Co
-

e -

la 1+r

k+1
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