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Introduction

The New Mexico State Legislature recently enacted legislatioe
(12-9-1 to 12-9-12 NMSA 1953) expanding the authority of the State
Environmental Improvement Agency to regulate uranium mills in the
state. In particular, the Agency was authorized to require payment
from all licensed mills in the state into a continued care fund.
The purpose of this fund is to provide for the maintenance, in
perpetulty, of the mill sites after decommissioning, especially
* the tailings pile. The Agency may require each mill to contribute
up to 10 cents per pcuand of yellowcake (c3°8)’ uatil 2 total of

$1,000,000 has been deposited by that mill,

In this paper it will be argued that even the maxizum amouat
is not likely to generate an income stream which would support an
adequate maintenance program. This is a parable of the futility
of writing dellar amounts into legislation in the presence of

persistent iaflation.

In the first section I compute an estimated annual zaintesance
cost for a typical 5,000 ton per day (£pd) =ill. Ia the secead
section I compute that mill's coa-sibusion 2o the continued care
fund, and compare it to the 2uinimum endcwmen: necessary o generata
revenues sufficient to cover those costs. In the third section we

will discuss the calculations.
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I. The Cost of Continued Maintenance

A uranium mill processes are to remove uranium oxide (UJOB)’
which is then seant to the enrichment plact for further processing.
Typical OTe grades are on the order of 0.2 perceat (as U308). which
Zeans that on a tonnage basis virtually all (99.8 percent) the ore
processed is waste, or tailings. The mills are quite efficient at
removing uranium, as over 95 percent is captured. However, a
significant amount of radicactive material remains iz the tailings,
principally due to radium and thorium. Inasmuch as radium has a
half-life of 1,600 years, the piles will contizue to emit radiationm
on a time scale which is for practical purpcses an eternity. This
radiation is a threat to the health of future gemerations; heance the

need for continued care.

At each mill site the continued cars fuzd must be sufficient

to meet the following expenses:

(1) Fencing - It is assumed in this paper that a fezce will
surrcuad the tailings pile. This feace zust be replaced
wvhen it wears ocut. Ia additica, secticts may have te be

repaired or replaced annually, due to washouts, thefs, ete.

(11) Mounitoring and Repair - Omn a regular basis. perhaps cnce

or twice a year, the site will have to be iaspected, and
repairs made if the structural integrity of the pile has

been compromised by erosion, animals, or other cause.
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Groundwater quality will also be monitored . Although
migration of radiocactivity from the site into neardy
aquifers is considered by most experts to be very
unlikely, the possibility must zot be discounted.
Otherwise there would be no need to monitor grouand-
water - Correction of such a problem ceould bde

wcyleved at enormous expense, if at all.

(114) Emergency =~ In case of natural disaster (earthquake,

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

(1iv) Unanticipated problems - By definition, at this tize
it is impossible to say what those problems might be.

Suffice it to say that at some existing stabilized sites
(such as Monticello, Utah) problems have been encountered

which were not anticipated at the time of stabilizatioc.

The most extensive work on the problem of stabilizatiom and  .in=-

tenance of tailings piles has been done by Ford, Bacon, and Davis - Utzah,

Inc. TB&DU has completed a series of cost studies on the cost of stabilizia

-

a number of abandcned tailings piles thrcughout the West. Repor:ts have
beea rublished ("Phase II - Title I Engizeering Assesszeat of Izactive
Uranium Mill Tailiags") for about fifzeea such sites. In addizica to
estinating the investmeant cost of various stabilization alterznativas,
these reports also estimated the annual cost of maintenance. I3800
saintenance cost estizates for four abandcced sites on the Navaioc Raser-

vacion are given ia Table I.
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Table 1

Estlmated Matutenance Costs for Four Abandoned Tailings Piles on the
Navejo Reservation

(Source:

Total site area (acres)
Tailings plle arvea (acres )
Tatliongs plle moss (106 tons)
Tallings pllc hetghe (fr)

Annual malntenance cost

1£¢ 908

Ford, Bacon, and Davis Utah, Inc., "Phase Il - Title I

Euglneering Assessment of Inaction Uranfum Mi1ll

Taillngs," Four Reports, USEKDA, Crand Junctiocnm,
Colorade, 1977.)

Mexican Hat,
___Utah
555
68
2,2
3-14

$12,000-15,000

Monumant Valley,
Utah

90
30
1.1
55 (max.)

$8,000-10,500

Tuba City, Shiprock,

Arizona New Mexico
88 230
22 72
0.8 l.s

16 (avg.) 14-40

$20,000-24,000 $14,000
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A telephone conversation with FBSDT engineers established that
the major elements in the annual maintenance cost were the cost of
fencing and the cost of repair of the pile itself (recoztouring).
It was estimated that fencing would deteriorate and require replace-
ment every ten to fifteen years, at an ianstalled cost of about $10
per linear foot. In their opinion, the fencing cost would be the only
sigaificant 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. Presumably, future piles will

be designe’ in such a way as to be much more stable structurally. Based

on theiz comments I concluded that the annual cost of monitoring and oc-
casional repait-of a site using state-of-tHe-art desizn zmethods might

be as low as $2,000 per year.

This is one reason to expect continued care expenses t~ be some-
what less at newly designed sites than at old cnes. Un the other hand,
the new sites are likely to be much iarzer: abcut 33 millicn tons for
a 5,000 tpd plant (ses Table III) rather tia: sne or two =illion toms

typical of the sites iz Tabla I. The new sites will therafcre be mmuch

larger in area, acd therefore will have a Zreater jperimeter, which of

course is directly proporticrnal to the cost of fenciag.

Table II gives Zdata on the five uraaii= =ills now iz operatiom in
New Mexico. The average capacity of these =ills is approxizazelv 5,000
tpd; apparently, future mills will also e approximately that size. As
shown, the tailings piles are consideradly larger than those examined by

FB+DU. Moreover, with another decade =z gc before closing down, thew will

806 332
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Table II

Some Characteristics of Uranlum Mills Currently in Operation in
New Mexico

(Source: New Mexico Environmental Improvement Agency)

Mill Capacity Expected Tailings Pile

—t "“;‘“‘:"‘3 Mass (10°tons) Max.leight (ft) Area (Acres) lypothetical
Life,Years Fenced Area*

Anaconda 6,000 9 17 24 270 4000 X 3000 fr.
Kerr-McGee 7,000 1 23 100 265 4200 X 3000 't.
United Nuclear-

Homestate 3,400 1 19 70 150 2000 X 4000 frc.
Sohlo 1,500 15 estimated maximum area = 160 acres

Unfted Nuclear-
Churchrock 4,000 17 estimated maximum area = 160 acres

The maxtimwum length and width of the exlsting pile, estimated from mape.

¢ge 908
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Let us turn now to the problem of estimating the annual continued
care expense for a hypothetical 5,000 tpd mill. At a capacity factor
of 90 percent, such a mill will produce 33 X 106 tons of tailings over
the course of a 20-year lifetime. The problem i{s, how do we coavert
that mass of tailings into a perimeter, needad for the estimation of
fencing costs? It can be donme, but a few assu_ptions about the shape

of the pile are¢ required.

We begin with aa observation from geometry: given any two similar
solids, the ratic of the areas of corresponding faces is proporticmal
to the two-thirds power of the ratio of volumes. In symbols, if A is
avea and V is volure,

A=DbDH 7.2/3 (L)

Yow assume that our representative tailings pile has an area-volume
relationship equal to the average of the top three entries ia Table
II. For this average, A = 228 acres, azd V = 20 X 106 tons. Usiag
(1), we find that b = 31 (vher A is nmeasursd ia acres and V in

N A " .
millicns of tons). Substituticg a mass of 33 X 10 teus izto (1

vialds an avea of 320 acres.

The relationship between area and perizeter again depexnds con
shape. Looselv speacing, the more closely a figure approxizates a
circle, the smallar it= perismeter. But tailings piles are desiccated
izpoundmeats, Anc as anvene will agree wzo has ever looked at an aerial
photograph of an artificial lake, their shapes are very irvegular

indeed. Minimiz.ag the amount of fence needed zeans that scme additicrmal
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area a0t covered by tailings must be contaized. It is assumed to
be 10 percent. Loosely, the perimeter depends mostly oz the ratio
of length to width; the exact shape of the figure is not so

important. Here it is assumed that the area can be enclosed by a

rectangle whos~ width is ope half its lemgth.

These calculations are presented ia Tak’e III, whareupon we
£ind a perimeter for fenced area of 16,800 feet. Assumirg feancing
costs of $10/1linear foot (F3&DU typical wvalue), a fence lifetime of
12 years, and an annual monitoring/repair cost of $2,000, we have
an annual continued care expense of $16,000. This estimate does
not include an allowance for surprises or emergencies, so it may

well be a low estimate.
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Table III

Calculaczicn of Annual Maismse=mance Zxsemse Sa3r Tailis
Pile 1t Sypothetical 5,000 s2d Plans, 20 Teas Lifasi=e

L. Total amnual tailiags production = 30CO ssms T 320 da» = 1.55 T ’.35 cens

(50 pecce=t capacicy faceer)
2.  Lifecize tailings productiom = 20 X 1.55 T 107 e 33 T 19° sams.

3. Zstizaced area f Caili=gs pile =
2/3 §

32 X (33) acres = 330 acres = 14.3 T 107 sef:. (sae sars:)
4. Estizated quancicsy of fazca raquized:
Assumpcicus: (1) Tenced Avea = 110% of pils area
(2) Fenced Area a rec:angle s X 2s
Fesced iraz = 4.3 X 1.1 = 15.7 2 10° sqee.

s - 2800 £=.
Perizatar = Sg = 16,80C S=.
P feacizg cost at $10/1imear fsce = $5.53,200
Liletize of fezce = 10-15 7eacs; assi=e 17

- -
- e

w

Zence CU 2 average Sasis ke oost of Zamcing is

Texcing Soss amd ofa span assumotiscs vearna =ada afcar Salepizece
CITTETSAIions Witk Tord 3323t ami Javis emziceers.

§. anzual 2eniloTizg acd zaiscenmance wos: [awalusive :F famza) was
Sakez I3 e 51,300/ 7ez:.

7. Total am=ual cost: $14,000 « 2,0CC = §.3,5C0.

Note: It is explicicly assumed that ravegatatios will z2c: Se rveguired.
evege’a:icn may raise costs to 330,000 per vear (G.J. 32ovie, " A Propesal
for Fiaancing the Stabilizaticn and Mailatenazce 22 Usaniwm MILll Tailings,”
Departaent . £ Econcmics, Utniversity of New Mexizo, Albuquergue, May 1375

POOR CRIGINAL 406
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II. Is the Comtinued Care Fuand Adequate?

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

fully to cover its requirements, thenm at a mizizum the contribution

of each mill must generate revenues sufficient to meet the annual

soutine maintenance expenses of that mill's tailing: pile.

At the maxizum levy of 10 cents pc. pound of U 08’ our representa-

3
tive 5,000 tpd mill will :omtribute $660,000 to the fund in its iaitial
year of operatiom and $340,000 its second year. At chat poiat the
statutory limit of $1,000,000 will be reached, and the mill will

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

state treasurer as he invests other state fuands.

At present, 3tate monies are invested in state banks at interest
rates equal to that cffered by Federal securities. }',‘I'hus. short-tern
iavestments are made uat the rate of U.S. Tr2asury bills, while long-
term iovestments are made at the U.S. Treasury Yote rate. ince the
continued care fund is not to be used for tweaty years, when the =mill is
abandoned, presumably the funds collected will be comsidered long-term
investaents. Recently, the average yiald of Treasury Notas has been
about 7 percen:ﬁal If the contiasued care fuad comtributicn of the

representative mill is invested at this izterast rate, its bdalance in

an annual iacozme of $247,000.

Personal communication, fr. Davidson, New Mexico State Treasurer's
Office, January 4, 1978.

U.S. Departmeat of Commerce, Survev of Curreat Business, p. S-44,

October 1977. 806
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It would appear at first glance that %his sum is emough to

maintain the pile ia fine style, but, due to inflation, appearances

can be deceiving. How large an endowment is required to be able to

pay oue mill's annual maintenance expenses without eating into the

principal?
Suppose

K: is the size of the endowment at the end of year t,
ct rhe maintenance expence during year t, /
r the rate of interest, and

i the rate of inflation.
We have the following relationships:

t
(1) ¢ .=C_, (1+1) =c (1+1)

(2) K =K

t t-1 Sen - Ct

If che purchasing p.. 'r of the endowment is to remain consta=z:, then

we must have Kt/C: a constant for all ¢. If so, then we have a third

condition:

K. =K

t t-1 Q.+ 4,

and therefore

1) = £) =€, _, (1L+4),
R,y A+ =k _, (L+5)-C, (1+1)
so that
oo = Tz, or R = [l+4i) forallct
E 1+4 - T i)
t-1
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In other words, the endowment must be at least (1 + i) / (r = 1)
tizes as large as the ancual expemse: otherwise the purchasing
power of the endowment will eventually Se driven to 0. (This fact is

discussed further in the Appendix.)

Nete that whea { = O, we have C/K = ¢, the rate of interest.
This suggests that we may nomsider (r - i) / (1 + i) the "real"
rate of interest, measuring the returm to tie endowmeat not ia current
dollars but in purchasiag power. This valie is not very sexsitive to

the absolute value of v or {, but to the difference berween thenm.

In order to determine the minimum acsestable value for R, we
need to know what future rates of interest and inflatiom will be. Thac,
of course, is impossible, but by looking az the past we might be able .
tc make an intelligent guess. In Table IV are twenty-year histories
of the Treasury Bond rate, the overall rate of i{nflatiocn, as =measured
by the QP deflator, and the rate ~f increase in comst=uctinc costs,
as measured by the ENR Building Iandex. There is a palpable bSraak
i2 these series between the first decade, characszaerized by lcw interes:
ancd iaflaticn rates and relative tramquillisy, and the =cst resent

decade, characterized by hizh axd very wvolasile inflasisa rates, and

K

gher interaest ratas.

Occasicually it 4is said that the iztacest rate for a secusicty is

"

zade up of three elemencts: tinme preferance, plus the :a3te ¢f i=zflaciom,
pilus a risk premium (which is zero for the securities we are speaking of,

C.S. Treasuzy Ncces). This is of ccurse sizplistic and caz he misleadiz
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Table IV

Compariscn of the Treasury Bond Yields the Rate of

Inflation and the ENR Comstruction Cost Index

(L

‘rrca%ur.yidnaad % Increase 2 Increase in (1)-(2)

6.94
6.78
6.98
6.99
6.30
5.63
5.82
6.59
6.10
5.25
4.85
4.66
4.21
4.15
4.C0
3.95
.50
4.01
4.07
3.42

3.47

Average Difference

67-77
57-66

(2) (3)
in GNP ER Buildiag
Deflator Index

4.36 6.78

3.27 9.10

9.62 8.41

9.54 5.87

5.92 8.53

4.14 10.46

5.10 12.96

5.11 5.70

5.27 9.57

4.49 7.38

2.9 3.24

3.28 3.80

2.78 2.43

1.56 2.57

1.47 2.42

1.83 2.09

0.89 1.56

1.70 2.12

2.21 414

1.60 3.4

3:37 3.85

(4)

1.
1.

-2.
.35

-2
0.
1.
c.
1.
0.
0.
1.
l.
1.
2.
2

2
-

98
31
64

38
49
72
48
83
76
91
38
43
39

«33
.12

3.C1

2.
l.

3l
86

1.83

00

0.
1.

10

33
52

(3)
(3)-(2)

(8)

(H=(3)

0.15
-2.32
-1.43
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For one thing, it is a concept which considers only the supply of
investment funds; an investor would certaianly like to get a returm
equal to the above sum, but the demacd for funds mey not allow it.
Besides, an investor is interested not in the current inflation
rate but in his expectatiomns 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 i{uflation by one
to three points except for a period in the early seventies, when
the rate of inflation w @ very hish (col. (4)). It is plausibdle
that during the early seventies long-run inflation expectaticas
were sufficiently below actual ianflation for it to exceed the
interest rate for a couple of years. In the earlier decade, the
expectations of inflaticn were much more closely in line with then
current values, and the difference betweea interest and inflation
rates was much closer to true time preference. Today, it is widely
anticipated that inflatict will comtinue at an annual rate of 3

or 6 perceat for at least another decade. If so, perhaps th
earlier, ncie stable relatiocnship between izterest and izflacticn
will reassert itself., That is the assumpsics here. If izflacion
is 5 percent per year, the rate of izcerest will cuntizue %o

be 7 perceat per year.

But obviously, goods do not chaage srices at the same rate,
which means that che changes in purchasing pcower depead considerably

cu the good to be purchased. In the preseat instance we are

806

541



-15-

moving, fence installation, and the like. Of the many comstruction
price indices available we choose the ENR Building Cost Index. A
virtue of this index i{s its availability -- it is reported monthly

in the Commerce Department's Survey of Current Business. It has

onz serious flaw which apparently it shares with other comstr:ctiom
indices: it measures increases in the price of inputs (steel, lumber,
cement, skilled laber), irstead of outputs. Thus, it does not register
technical innovations which allow fewer inputs to be used, and neither
does it record the extra comstruction costs which may be imposed, say,
for environmental reascns. Nometheless, for lack of anything better
the ENR Building Cost index will be used, though it is recognized

that it may impart a slight upward bias to construction cost

increases.

From Table IV it is apparent that over the past twenty years the
cost of comstruction has increased faster than the overall rate of
inflation, especially ia the past decade. Why comstruction cost
increases should have accelerated in this period is not clear. 1Ia
the 1957-1966 decade, when econcmic relaticaships were apparently
more stable, construction costs increased aZout one point faster
than the overall price level.

Cousider now two cases, one ia which the rate of inflatice is
§ percent and che other in which the rate is 5 parceat (for Scth the
interest ratu.-is 7 percen:). How big an ezdowmeat is aecessary to

generat: an i-come sufflclent to cover the costs estimated in sectiom I?

806
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Case I. 1 = 0.06

The zost in 1977 dollars of maintenance is assumed to be $15,000.

In twenty years, the cost will be

Czo = $16,000 (1.06)zo = $51,300 (1597 dollars).

K= C/1 +»i:> = $51,300 (106) = $5,400,000.
r-

But the cash balance in 1997 of the mi.ls’' coasributicn %o the ssntisuved
care fund is $3,3500,000. The fund would be exhausted afrer payizg
expenses for adout 110 years (see Appendix). For £t to be 5,400,000,

ta 1977 about $1,400,000 (22 1977 dollars) would be required,

Case II. i = 0.0S

Again, amnual costs are $51,300 ia 1397 dollars. The endowment

required at that time is

E = c<:1 + 4\ = $51,300 (53) = $2,700€0,000, (1997 dollars)

:-
which is easily covered.

However, comsider a mill opemizg ia 1283, The size of =2e conti=uad
care fund comtribution remains the same L= csusrent dollars: $1,000,000
beld for twenty years at 7 percent. Thais zize, however, the =ill is zot

abandoned uncil 20CS The aznual maintenan

“©°

o8t in that year is

(]

$81,800, iz 2005 dollars. The endcwment raguired ac that sime i3

($81,800) (53) = $4,300,000 (20C5 dollars).

806
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Any mill opening after about 1982 will not contributae funds
sufficient to provide maintenance expenses ia perpetuicy. This is
2o accident. The way the law is written, as long as the inflaticam
rate is positive, there will come a year when the continued care

funds collected from a mill opening in that year will not cover the

cost of maintenance. Such is the power of the exponential funmctiua.
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IIT. Conclusions

Two rather obvious points emerge from the analysis of the preceding
two sections. In the first place, our informatiom ase could under no
circumstances be described as ample; accordingly, the estimates made in
the preceding two sections are quite prcne to error. For the estimate
of annual maintenance cost, two assumpticns appear to be especiall”
crucial. It was assumed that the tailings' pile would have to be
fenced off. If this is mot a necessity, thex apparently the anaual
maintenance cost can be cut to a fraction of the value estimated here. .
On the other hand, since there was no way of estimating the annual cost
of emergencies or unanticipated expenses, the possibility -vas cooveniently
ignored. Conceivably these expenses could turn cut to be an eucrzous
burden, in which ~ase the annual maintenance cost has been grossly under-

estimated.

Likewise, two assumptions are of special izportance to the calculaticn
of the real value of the continued care fu=d contribution £rcm one mill.
The first is the difference between the rate 9f intarest and the rate of
inflation, the "real" rate of interest, if you will., Examples in Sectiom
IT indicate that when the difference is only cme percentage pciat the
continued care fund would not be suff _iezt to meet the estizated cxpenses,
while a two-poiat difference would easily provide ezough funds. An
equally critical variable is the rate of izflation itself, which gives the

rate at which the contridbuticn of future =ills declines in r2al terms.
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The second point is as obvious s¢ hardly to raquire meatica.
The only = -0 eliminate completely the possibilicy that the scate at
some future time will face the expense of tailings pile maintezance
is to eliminate the piles altogether. Ia other words, a contizued care
fund guaranteed to protect the states' i{anterest for 31l tize would
necessarily shut down the industry. This extreme is clearly hHeyond
the iatent of the legislatiom, but shor: of it no fund is sure to be
large enough. This is of course due to the uacertaintias zentioned above,
which loom uzusually large here because "all time" is such a long time.
However, it would be iavalid to comclude that mothing caa -— or should —
be done. Policy-makers are nearly always faced with uncerzainty; this

happens to be an extreme case.

The problem is co give operational meaning zo "perpetual care,"
a defiaition which weighs the needs of the sta<2 and the resources of
the industry. To that end I would like %o suggest Two criteria which
a perpetual care fund must satisfy:
(1) Based or currently available {zfarmacion on costs and
interest and izflaticn ratas, tle fuzd should generace
an izcome strean suffizlent 5 =eel all maiztazaszce costs.
We may aot kmow what the Suture will 3ving, But the fuz=d
should at least e adegquata acz2orvdizg oo cur bes: mowladge.
(i1) The terms of the contiaued care s23tributiss should be readily
alterable 3s new information lecs=es available. Thus, the

perpyetual care ccutribution frea a 2ill cpening, say, tea

)4
117
(8]
(4]
“r
i
'Y
o
(4%
.A
o
(Y
'

1
]
[
"
w
3.
[
o
(%)

years from now should raf

abour {aflatioe and malatenance zoscs,
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It 1s apparent that for the proposed New Mexico regulacinsz the second
of these conditions is not satisfied, and, basec on the informatiom used
in this paper, at least, neither is the first. Perhaps a more effe.tive
policy wo'.\d be to remove the upper bound tow given in the statute and
delegate to the New Mexico Eanvironmental Izprovement Agancy the respousibilicy
of setting the continued care fund at new =ills. It would then be up to
the Ageacy to review p.ricdically maintenance responsibilities and their
costs. In addition, it might be 'opropriate zo review the céntribu:iau
of a mill just prior to its decommissioning. Thls would allow adjustments

to be made if conditions had changed substantially over the life of the

mill.
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In this section we demonstrate scmewhat =ore rigorously that

the ratio of an endowment to the expenses paid cuc of it must exceed

Mathematical Aonerdix

(L+21) / (r-1) to avoid ercsiocn of the priacipal.

l: -
C: -
r =
4 -

Expenses grow at

Ce

balance of endowment, end of year ¢,

expenses during year t,

7
interest rate,

inflation rate.

a constan!. rate, so that

"
Chuyg Ael) = ... = ¢, L+ 1),

The basic accounting equatioa is

%

Expacsicn of this accountiag equati-z

I: 3 K: il
- K:-
- L

= X (L+1) - C: .

t~-1

1 -
« (L+2) C:

2 . -
g -
= X (1 + :) -2, (; -
o
i=o
-1 3

- X L+2) "=ac_ T (1+2)°

Therefore,

K 4
o

Ce

o

[ L
',', '
Lala X

7ields
-
- -
—_-4
(- * L) ¢
4 =1
i:o

Recall

(1« 4
b owr s
-* Y
ke "ol

L
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The second term on the right hand side equals

3 1+§) ¢
L+ e« 1+14 1+ °® -1]
l1- 1+¢ r=-1 l1+1

1+ 4 -
Heuce,
a5 -1+;] 1+2] © +1+14 (2)
c C r-i A

<l I+

Since r>» 1 , s) is unbc uded ahove.
=2+1 , then

I£ ‘o < l+ Kt evcn'ua...y becozmes negat‘ ve.
. i T+L —
o c.

In fact, we can use {2) to esrizate how long an endowment

will last if K «< C
o o

to zero and solve for t.

This yields

L+ 1) . Set the right-hand side 2f (2) equal
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